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ABSW.GT
P re v io u s  work on unsyrnm otrical an h y d rid es  in  g en era l and 
a c y l t r i f l u o r o a c e t a t e s  in  p a r t i c u l a r  i s  rev iew ed  w ith  s p e c ia l  r e fe r e n c e  
to  th e  mechanisms o f  r e a c t io n s  in  which th e y  a c t  a s  a c y la t in g  ag en ts*
The r e a c t io n  o f  a c e ty l  t r i f l u o r o a c e t a t e  w ith  iso p ro p an o l 
and e le v e n  p h en o ls  in  carbon  t e t r a c h lo r id e  s o lu t io n  a t  25® has been 
s tu d ie d  u s in g  in f r a r e d  sp e c tro sc o p y  to  e s t im a te  th e  e r t e r s  p ro d u ced .
Iso p ro p an o l r e a c t s  w ith  a c e ty l  t r i f l u o r o a c e t a t e  p lu s  
t r i f l u o r o a c e t i c  a c id  to  g iv e  a m ix tu re  o f  th e  two p o s s ib le  e s te r s *
Most o f th e  work w ith  ph en o ls  was c a r r ie d  ou t u s in g  
^ -c h lo ro p h e n o l  ^ T iiis r e a c t s  w ith  a c e ty l  t r i f l u o r o a c e t a t e  and w ith  
a c e ty l  t r i f l u o r o a c e t a t e  p lu s  t r i f l u o r o a c e t i c  a c id  to  g iv e  on ly  th e  
a c e ta te *  R ea c tio n  w ith  a c e ty l  t r i f l u o r o a c e t a t e  in  th e  p re se n c e  o f  
p y r id in e  g iv e s  a m ix tu re  o f th e  two p o s s ib le  e s te r s *
The r a t e  o f  r e a c t io n  o f a c e ty l  t r i f l u o r o a c e t a t e  w ith  
iso p ro p a n o l and a l l  th e  p h en o ls  has been m easured and th e  dependence 
o f  th e  r a t e  on th e  c o n c e n tra t io n  o f  th e  hydroxy-compound found* For 
iso p ro p a n o l and ^ -c h lo ro p h e n o l th e  a f f e c t  o f added t r i f l u o r o a c e t i c  
a c id  on th e  r a t e  h as  been m easured and f o r  ^ -c h lo ro p h e n o l th e  dependence 
o f th e  r a t e  on th e  an h y d rid e  c o n c e n tra t io n  found .
Study h as  a l s o  been made o f  th e  r e a c t io n s  o c c u rr in g  when a 
carbon  t e t r a c h lo r id e  s o lu t io n  o f  a c e ty l  t r i f l u o r o a c e t a t e  and a phenol 
i s  shale en w ith  an a lk a l in e  aqueous s o lu t io n .  U s u a lly  such tre a tm e n t
Ill
r e s u l t s  in  th e  fo rm a tio n  o f th e  phenyl t r i f l u o r o a c e t a t e *
P o s s ib le  rnechaniams o f  th e  above r e a c t io n s  a re  d is c u s s e d  
w ith  p a r t i c u l a r  a t t e n t i o n  b e in g  p a id  to  a s s o c ia t io n s  o c c u rr in g  th ro u g h  
th e  fo rm a tio n  o f  hydrogen bonds*
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Section I. Introduction*
Acyl t r i f l u o r o a c e t a t c s  a re  unsym m etrica l c a rb o x y lic  a c id  
a n h y d rid e s  o f  which one o f th e  p a re n t  a c id s  i s  t r i f l u o r o a c e t i c  ac id*
Due m ain ly  to  th e  f a c t  th a t  t r i f l u o r o a c e t i c  a c id  i s  much s tr o n g e r  
th a n  most o rg a n ic  a c id s ,  th e se  corapounis form  a d i s t i n c t  sub -g roup  
o f  unsym raetrica l c a rb o x y lic  a c id  anhydrides*  T his i s  a p p a re n t in  
t h e i r  e x te n s iv e  u se  in  o rg an ic  s y n th e s e s , a f i e l d  in  which o th e r  
unsym m etrica l c a rh o x y lic  a c id  a n h y d rid es  a re  much lo s s  u se fu l*
A* U nsym m etrical C arb o x y lic  Acid A nhydrides
These compounds w ere o r ig i n a l l y  p rep ared  ( 1 ,2 )  by r e a c t io n
o f an a c id  c h lo r id e  w ith  th e  sodium s a l t  o f  a d i f f e r e n t  a c id :
1 1 R*C0*C1 + R *GOgNa )R*C0*0*C0.R + NaCl*
O ther e a r ly  m ethods o f  p r e p a ra t io n  wore from an a c id  p lu s  th e  an h y d rid e
o f  a d i f f è r e n t  a c id  (3 ,4 * 5 ) :
R.COgH + ( ^ 0 0 ) ^ 0  ---- } R .C O .O .C O .f + S^.COgS
and from two sy m m etrica l a n h y d rid e s  ( 6 ) :
(E .CO)gO + ( F c o ) g O  > 2 R . C 0 . 0 . C 0 . F .
I t  was soon r e a l i s e d  (2 )  th a t  unsym m etrica l a n h y d rid e s  w i l l
1
d i s p r o p o r t io n a te  to  g iv e  th e  co rre sp o n d in g  sym m etrica l a n h y d r id e s , 
p a r t i c u l a r l y  on h e a tin g *  In  f a c t ,  g iv en  s u f f i c i e n t  tim e , an 
e q u il ib r iu m  i s  s e t  up betw een th e  unsym m etrical and th e  sym m etrica l 
a n h y d r id e s :
2 E t C 0 . 0 . C 0 . F = ^ ( R . C 0 ) „ 0  + ( E ^ C 0 ) _ 0 .
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The two im p o rta n t p r o p e r t i e s  o f  t h i s  o q u ilih r iu ro  a r e  i t s  p o s i t io n  
and th e  r a t e  o f  approach  to  t h i s  from e i t h e r  s id e .  Prom th e  p re ­
p a r a t iv e  p o in t  o f  view  th e  second p ro p e r ty  i s  e x trem e ly  im p o rta n t 
s in c e ,  c l e a r l y ,  i f  th e  approach  to  e q u il ib r iu m  i s  r a p id  from  th e  
unsym m etrica l an h y d rid e  s id e  i t  i s  im p o ss ib le  to  p re p a re  th e  p u re  
unsym raetrica l a n h y d rid e .
Very l i t t l e  d i r e c t  s tu d y  h as been made o f  t h i s  
e q u ilib riu m *  Brown and T r o t t e r  ( ? )  s tu d ie d  a c e t i c  and b u ty r ic  
a n h y d rid es  in  carbon  t e t r a c h lo r id e  s o lu t io n  and work h as a l s o  been  
done on a c y l t r i f l u o r o a c o t a t e s  in  t h i s  s o lv e n t  (8 )*  The re p o r te d  
e q u il ib r iu m  c o n s ta n t  f o r  th e  d is p r o p o r t io n a t io n  o f  a c e t i c  b u ty r ic  
an h y d rid e  i s  ab o u t 0 . 25^ h a t  f o r  a c y l t r i f l u o r o a c e t a t c s  i s  v e ry  
much sm a lle r*  S t a r t i n g  w ith  th e  sym m etrica l a n h y d r id e s , e q u il ib r iu m  
i s  s e t  up r a p id ly  in  th e  case  o f  a c e t i c  and t r i f l u o r o a c e t i c  an liy d rid es  
( i n  ab o u t 15 m in u tes  f o r  0 .0 5  M s o lu t io n s  a t  room te m p e ra tu re ) .  For 
a c e t i c  and b u ty r ic  a n h y d rid es  th e  tim e re q u ire d  ( f o r  0 .1  M s o lu t io n s  
a t  25° )  i s  ab o u t two h o u rs .
The c o n d it io n s  u n d er w hich th e s e  r e s u l t s  w ere o b ta in ed  
a r e ,  how ever, v e ry  d i f f e r e n t  from th o se  u n d er which th e  an h y d rid es  
a re  p re p a red  and , in  many c a s o s ,  t h e i r  p r o p e r t i e s  in v e s t ig a te d *  
C o n seq u en tly , th e s e  r e s u l t s  a re  n o t d i r e c t l y ,  i f  a t  a l l ,  a p p l ic a b le  
to  s y n th e t ic  work* I t  i s  f a i r l y  s a f e ,  how ever, to  assume th a t  i f  
an u nsym m etrica l an h y d rid e  has been o b ta in e d  any o p e ra t io n  to  remove 
c o n ta m in a tin g  sym m etrica l a n h y d rid es  o r  a c id s  i s  l i k e l y  to  cause
— 3 —
d is p ro p o r tio n a t io n *  Tîiis was a p p re c ia te d  by some o f  th e  e a r ly  
w orkers* Behai ( 6 , 9 ) found th a t  i f  he washed im pure a c e t i c  
i s o v a l e r i c  an h y d rid e  enough tim es he was l e f t  w ith  ia o v a lo r ic  
anhydride*  R ousse t (lO ) found th a t  c a r e fu l  d i s t i l l a t i o n  o f  
unsym m etrica l an h y d rid e s  r e s u l t e d  in  t h e i r  com plote d is p r o p o r t io n ­
a tio n *  T his r e s u l t  le d  him to  b e lio v e  th a t  unsym m etrica l an h y d rid es  
do n o t , i n  j^act, e x i s t  a t  a l l*  T h is  c o n c lu s io n  was nob a cc ep te d  by 
Behai ( 9 ) who showed th a t  u nsym m etrica l an h y d rid e s  do e x i s t  a lth o u g h , 
because  o f  th e  above c o n s id e ra t io n s ,  th ey  can n o t n o rm a lly  be p ro p e r ly  
p u r if ie d *
R easonably  p u re  sam ples o f  s e v e ra l  unsym m etrica l an h y d rid e s  
w ere p rep a red  and s tu d ie d ,  however* The p u r i ty  and la c k  o f  d is p ro ­
p o r t io n a t io n  o f  some o f  th e  unsyraiTietrical an h y d rid es  a re  m ost a p p a re n t
P<A.
in  th e  k i n e t i c  work o f  Verkade ( l l )  and K i lp a t r i c k  and K i la p t r i c k  (12 )#  
These w orkers showed th a t  th e  h y d ro ly se s  o f a c e t i c  p ro p io n ic  ( l l , 1 2 )  
and b u ty r ic  i s o p r o p y la c e t ic  ( l l )  an h y d rid es  a re  f i r s t  o rd e r  in  th e  
an h y d rid es*  I f  th e  supposed unsym m etrica l an h y d rid e  had in  f a c t  been 
a m ix tu re  o f a n h y d rid e s  o r  i f  e x te n s iv e  d i s p r o p o r t io n a t io n  had o ccu rred  
d u r in g  th e  h y d ro ly se s  t h i s  r e s u l t  would n o t be expected*
The p r e p a ra t io n  o f  unsym m etrica l a c e t i c  a n h y d rid e s  was made 
much e a s i e r  by th e  in t ro d u c t io n  o f  th e  r e a c t io n  betw een k e to n e  and 
c a rh o x y lic  a c id s  (1 3 ,1 4 )*  K etene and a  c a rh o x y lic  a c id  r e a c t  sm ooth ly  
to g e th e r  to  g iv e  an  unsym m etrica l a c e t i c  a n h y d rid e ;
R.COgH 4. CEgtCtO ----------) R.C0*0*C0*CH^*
The k e te n e  i s  p re p a re d  by th e  p y r o ly s is  o f  ace to n e  (1 5 ,1 6 )*  The 
g r e a t  advan tage  o f t h i s  method o f  p r e p a ra t io n  i s  th e  s im p l i c i ty  
o f  th e  p u r i f i c a t i o n  p ro ced u re  * Acetone and d is s o lv e d  k e te n e  and 
methane a re  th e  o n ly  l i k e l y  im p u r i t ie s  and th e se  can  be removed by  
vacuum e v a p o ra tio n , th e  an h y d rid e  i s  th en  u s u a l ly  vacuum d i s t i l l e d  
a t  a  low te m p e ra tu re  to  keep d i s p r o p o r t io n a t io n  to  a minimum*
The k e te n e  r e a c t io n  h as  boon used  in  many p re p a ra t io n s  
o f unsym m etrical a c e t i c  an h y d rid es  ( s e e ,  p a r t i c u l a r l y ,  1“7 , w hich
d e s c r ib e s  th e  p r e p a ra t io n  o f t h i r t y  unsym m etrical a c e t i c  a n h y d r id e s ) . 
A s im i la r  r e a c t io n  w ith  d ip h e n y lk e to n e  was re p o r te d  e a r l i e r  ( l 8 )  b u t
r e a c t io n  w ith  b en ao ic  a c id  i s  th e  o n ly  example g iv en :
fhgC :C :0 + Ph.CO^H  } Fh.CO.O.CO.CHPhg
A nother r e a c t io n  o f  k e te n e  e n a b le s  u n s a tu ra te d  unsym­
m e tr ic a l  a c e t i c  an h y d rid e s  to  be p rep a red  ( l> )*  An ex an p le  o f  t h i s  
i s  th e  r e a c t io n  betw een k e te n e  and benaaldehydos
Ph.CEO + 2 CEg:C:0 ------- )  Ph.CHsCH.CO.O.CO.He
A nhydrides o f  t h i s  ty p e  can a ls o  bo p rep a red  by r e a c t io n  o f  k e te n e  
w ith  an u n s a tu ra te d  a c id  ( l 9 ) ,  e*g*
Ph.CH;CH.CO^+ CEgXGxO ------- ) Ph*CHtCR.CO.O.CO*:le
When an unsym m etrical an h y d rid e  r e a c t s  w ith  a compound 
o f ty p e  XH (e .g *  RGHjRgNH) two p ro d u c ts  can be form ed:
 ^ vTT  Ii o .nn .YR.CO .O .CO .F + XU  ) R.CO.X + R^.CO.E
and R.CO.O.CO.R^ + XB  )  R.COgH + R  ^ CO.X.
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C o n sid e ra b le  a t t e n t i o n  has been d i r e c te d  to  th e  q u e s tio n  o f  which 
p ro d u c t i s  fo rm ed ,o r  i f  a  m ix tu re  i s  form ed, th e  co m p o sitio n  o f  
t h i s  m ix tu re . I t  i s  now r e a l i s e d  th a t  th e  co m p o sitio n  o f  th e  
p ro d u c t o f  such r e a c t io n s  i s ,  to  a  c o n s id e ra b le  e x te n t ,  d ep en d en t 
on th e  c o n d it io n s  u n d er w hich i t  i s  c a r r ie d  o u t ( s e e  b e lo w ). In  
p a r t i c u l a r  th e  s o lv e n t  u se d , i f  any , and th e  p re sen ce  o r absence  
o f  a c id s  e f f e c t  th e  r e s u l t#  A lso  th e  n a tu r e  o f XH i s  im p o rta n t 
and d i f f e r e n t  ty p e s  o f compounds can  g iv e  v e ry  d i f f e r e n t  p ro d u c t 
c o m p o s itio n s . In  much o f  th e  e a r ly  work th e s e  c o n s id e ra t io n s  were 
ig n o re d  and v e ry  v a r ie d  c o n d it io n s  w ere u se d . T h is , to g e th e r  w ith  
th e  d i f f i c u l t i e s  o f  p u r if y in g  th e  a n h y d r id e s , may e x p la in  somo o f  
th e  a p p a re n tly  c o n tr a d ic to ry  r e s u l t s  w hich were o b ta in e d .
A % tenrie th  was th e  f i r s t  to  in v e s t ig a te  t h i s  ty p e  o f 
r e a c t io n  (3 ,4 )$  U sing  unsym m etrical a l i p h a t i c  c a rh o x y lic  a c id  
a n h y d rid es  he concluded th a t  in  th e  c a se  o f  a n i l i n e  and p h en y l-  
h y d ra z in e  th e  d e r iv a t iv e  o f th e  h ig h e r  a c id  p red o m in a tes  in  th e  
p ro d u c t ( 3 ) .  With e th a n o l and p h en o l, how ever, th e r e  i s  a  s l i g h t  
predom inance o f  th e  low er e s t e r  ( 4 )*
U sin g  l e s s  d r a s t i c  c o n d i t io n s ,  Behai found th a t  a c e t i c  
i s o |v a l e r i c  and a c e t i c  b en zo ic  an h y d rid es  g iv e  th e  a c e t i c  a c id  
d e r iv a t iv e s  w ith  ammonia, p h en y lh y d raz in e  and a lc o h o ls  ( $ ) .  A ce tic  
fo rm ic  an liy d rid e  ( a c t u a l l y  an eq u irao la r s o lu t io n  o f  fo rm ic  a c id  in  
a c e t i c  a n h y d rid e ) un d er s im i la r  c o n d it io n s  g iv e s  th e  fo rm ic  a c id
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d e r iv a t iv e s  o f a lc o h o ls ,  a inm on ia^an iline , s u b s t i tu t e d  a n i l i n e s  and 
p h en y lh y d raz in e  ( 2 0 ) .  With p h e n o ls , how ever, th e  a c e ta t e  i s  form ed 
( 20).
L a te r  work to  some e x te n t  confirm ed B e h a i’ s c o n c lu s io n  
th a t  th e  m ain p ro d u c t o f  th e s e  r e a c t io n s  i s  th e  d e r iv a t iv e  o f th e  
a c id  w ith  th e  s m a lle r  number o f  carbon  atom s (9 )*  Hurd and Hoe ( l 4 )  
confirm ed th a t  a c e t i c  fo rm ic  an h y d rid e  g iv e s  fo rm a n il id e  w ith  a n i l in e *  
A lso th e  r e a c t io n  o f  a n i l i n e  w ith  a c e t i c  b en zo ic  and a c e t i c  f u r o ic  
a n h y d rid es  was found to  g iv e  a c o ta n i l id e  (1 3 ) and th a t  o f  a c e t i c  
p ro p io n ic  an h y d rid e  w ith  e th a n o l to  g iv e  m ain ly  e th y l  a c e ta te  ( 2 l ) *
Tlie d e r iv a t iv e  o f  lo w e s t m o lec u la r  w e ig h t, how ever, was 
n o t alw ays th e  m ain p roduct*  A c e tic  b u ty r ic  an h y d rid e  was found  to  
g iv e  m ain ly  b u ty r a n i l id e  on r e a c t io n  w ith  a n i l i n e  (1 3 ) and B aron i 
and h i s  c o lle a g u e s  (2 2 )  found th a t  a c e t i c  b en zo ic  an h y d rid e  cou ld  
g iv e  b en zo ic  a c id  d e r iv a t iv e s *
The r e s u l t s  o f  B aron i and h i s  c o lle a g u e s  le d  them to  
su ggoat t h a t  th e  im p o rta n t f a c t o r  i s  th e  r e l a t i v e  s t r e n g th s  o f^ th e  
two a c id s  form ing th e  anhydride*  They su g g ested  th a t  th e  main 
p ro d u c t i s  th e  d e r iv a t iv e  o f  th e  s t r o n g e s t  o f  th e  two a c id s  ( 2 2 ) .
In  th e  c a se  o f th e  a l i p h a t i c  a c id s  t h i s  p r e d ic t s  much th e  same 
r e s u l t s  a s  B e h a i’ s id e a  t h a t  th e  d e r iv a t iv e  o b ta in ed  i s  t h a t  o f 
th e  a c id  w ith  few er carbon  atoms {$)*  For o th e r  unsym m etrica l 
an jiy d rid ea  t h i s  i s  n o t s o , th u s  in  a c e t i c  b en zo ic  an h y d rid e
b en zo ic  i s  th e  s tro n g e r  o f  th e  two ac id s*  B aron i and h i s
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c o lle a g u e s  r e a c te d  th e  fo llo w in g  unaym m etrica l a c e t i c  a n h y d rid e s  
w ith  H a c id  ( l-a m in o -8 - .n a p h th o l-3 * 6 -d ia u lfo n ic  a c id )  in  w a te r  a t  
"70^, and w ith  e th a n o l in  th e  p re sen ce  o f s u l f u r i c  a c id  a t  -15^« 
c h lo r o a c e t io ,  p ro p io n ic  and b e n z o ic . In  a l l  c a se s  th e  s o le  o r  
main p ro d u c t i s  tho  d e r iv a t iv e  o f  th e  s t r o n g e r  o f  th e  two a c id s  
m aking up th e  an h y d rid e  ( 2 2 ) .
That th e  r e l a t i v e  s t r e n g th s  o f  th e  p a re n t a c id s  i s  n o t 
th o  o n ly  f a c t o r  d e te rm in in g  th e  p ro d u c t co m p o sitio n  i s  shown by th e  
r e s u l t s  o b ta in e d  by Kahn ( 2 3 ) .  He r e a c te d  th re e  s u b s t i tu te d  b en zo ic  
an h y d rid es  w ith  e th a n o l .  B enzoic p . -  n i tro b e n z o ic  an h y d rid e  g iv e s  
e th y l  p  -  n i t ro b o n z o a te ,  b en zo ic  p  -  iso p ro p y lb e n z o ic  an h y d rid e  
g iv e s  b o th  e s t e r s  b u t m ain ly  e th y l  b e n z o a te , b en zo ic  2*4*6 t r im e th y l -  
b en zo ic  an h y d rid e  g iv e s  o n ly  e th y l 2*4*6 tr im e th y lb e n z o a te . The 
s t r e n g th s  o f  th e  a c id s  concerned d e c re a se  in  th e  o rd e r :  
p  -  n i t ro b e n z o ic  ^  b en zo ic  p  -  i s o p r o p y l b e n z o i c 2*4*6 t r i ­
me th y lb e n z o ic . Thus in  th e  f i r s t  two c a s e s  th e  d e r iv a t iv e  o b ta in e d  
i s  t h a t  o f  th e  s t ro n g e r  a c id  b u t in  th e  l a s t  case  i t  i s  t h a t  o f  th e  
w eak er.
No f irm  c o n c lu s io n s  abou t th e  mechanism o f  th e s e  r e a c t io n s  
can be drawn from  th e  above r e s u l t s .  ♦ Some more r e c e n t  s tu d io s  o f 
th e s e  r e a c t io n s  w i l l  be c o n s id e re d  in  s u b - s e c t io n  C o f  t h i s  i n t r o ­
d u c t io n .
So f a r  r e a c t io n s  o f  unsym raetrical a n h y d rid es  w ith  XH 
have o n ly  been co-ioidored in  th e  c a se s  whore th e  h y d ro -^n  atom i s
a t ta c h e d  to  oxygen o r n itro g e n *  I t  i s  a ls o  p o s s ib le  f o r  nnsym- 
m e tr ic a l  an h y d rid es  to  toko p a r t  in  th e  F r io d e l - C r a f t  r e a c t io n ,  
a g a in  w ith  tho  p o s s i b i l i t y  o f  two p ro d u c ts*
R.CO.O.CO.R^ + ArH ------- ) R.GO.Ar + H^CO^H
and R.CO.O.CO.R^ + ArH --------)  K.COgH + E^CO.Ar.
C ryer ( 24 ) p re p a re d  benaophenone from  b enzene , alum inium  c h lo r id e  
and a c e t i c  b en zo ic  anhydride*  O ther w orkers  (2 ^ )  p rep a red  benzo- 
phenone from a s e r i e s  o f  b enzo ic  s u b s t i tu t e d  b en zo ic  an h y d rid es  
and a ls o  from b en zo ic  o(- a n d n a p h t h o i c  anhydrides*  Only in  one 
c a s e ,  t h a t  o f b en zo ic  m -n itro b en z o ic  a n h y d rid e , was o f th e
a l t e r n a t i v e  p ro d u c t d e te c te d *  AceticoC- an d p -n ap h th o ic  a n h y d rid es  
b o th  gave o n ly  acetophenono* Tho case  o f  d ib e n z o ic  p h th a l ic  
a n h y d rid e  was a ls o  in v e s t ig a te d  ( 2^) * T his d id  n o t g iv e  th e  
ex p ec ted  ^ -benzoylbonzophononet 
;CO*C/*CO.iK
+ X
C0*0*C0.Pk 
b u t d ip h o n y lp h th a lid o *
CO.Pk
,CtO
I
I t  was su g g ested  (2 $ ) t h a t  t h i s  i s  formed by r e a r ra n g e ­
ment o f o -benzoylbenzophonone.
The r e a c t io n  betw een a c o t ic  an liy ilride and a n is o le  i s  
c a ta ly s e d  by some c a rh o x y lic  ac id s*
Ü.CH. O.CII.
H.COpH 
+(CH^CO)gO y  - >
CO.CH.
+ CIIjCOgH
and t h i s  and s im i la r  r e a c t io n s  have been s tu d ie d  by U nger ( 2 6 ) .  An 
unsym m etrica l an h y d rid e  w i l l  be formed from th e  a c id  and tho  an h y d rid e  
and i t  i s  p ro b a b le  t h a t  th e  r e a c t io n  p ro ceed s  v ia  t h i s  a n y h d r id e . 
S e v e ra l com para tive  s tu d ie s  were made ( 2 6 ) .  'Bio r e a c t io n  betw een 
a c e t i c  an h y d rid e  and a n is o le  i s  c a ta ly s e d  by many c a rh o x y lic  a c id s  
th e  m ost e f f e c t i v e  b e in g  th e  th re e  c h lo ro a c o t ic  a c id s*  Of th e s e  
t h r e e ^ t r i c h lo r o a c o t i c  a c id  i s  th e  most e f f e c t i v e ,  and in  g e n e ra l  
th e  s t r o n g e r  th e  a c id  used  tho  g r e a te r  i t s  e f f e c t*  I t  v/as a ls o  
found t h a t  m o n o ch lo ro ao e tic  a c id  w i l l  c a ta ly s e  th e  r e a c t io n  o f 
a n is o le  w ith  a n h y d rid es  o th e r  th a n  a c o t i c .  A lso i f  m onochloro- 
a c e t io  an h y d rid e  i s  used  in  c o n ju n c tio n  w ith  a o a rb o x y lic  a c id ,  tho  
k e to n e  formed i s  th a t  d e r iv e d  from  th e  a c id .  In  g e n e ra l th e  r e s u l t s  
a re  i n  acco rd an ce  w ith  r e a c t io n  v ia ^  an unsym m etrical a n h y d rid e , - th e  
k e to n e  b e in g  formed from t h a t  h a l f  o f  th e  an h y d rid e  co rre sp o n d in g  to  
th e  w eaker o f  th e  p a re n t a c id s ,  and th e  ease  o f  th e  r e a c t io n  in c r e a s ­
in g  w ith  in c r e a s in g  d i f f e r e n c o  in  s tr e n g th  o f th e  two p a re n t a c id s  
( 2 6 ) .
More s y s te m a tic  work on tho  F r io d o l C ra f t  r e a c t io n  u s in g
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u nsym m etrica l a n h y d rid es  w i l l  he co n s id e re d  in  s u b - s e c t io n  C*
B# Acyl T r i f l u o r pacet a te g
The f i r s t  r e p o r t  o f  a r e a c t io n  in v o lv in g  an a c y l t r i ­
f lu o r o a c e ta te  was by Newman in  1945 (27)*  He found th a t  th e  P r ie d o l  
C ra f t  r e a c t io n  between a n is o le  and a c e t i c  an h y d rid e  i s  c a ta ly s e d  by 
t r i f l u o r o a c e t i c  acid*  T h is  i s  a  s im i la r  e f f e c t  to  t h a t  s tu d ie d  by 
U nger (2 6 ) b u t t r i f l u o r o a c e t i c  a c id  i s  much more e f f e c t i v e  th an  th o so  
a c id s  in v e s t ig a te d  by Ungor ( 2 7 ) .
A la r g e  amount o f work on a c y l t r i f l u o r o a c e t a t e o ,  th e  
f i r s t  acco u n t b e in g  p u b lish e d  in  1949 ( 2 8 ) ,  has boon c a r r ie d  ou t by 
B ourne, S ta c e y , T atlow , Tedder and t h e i r  co lle ag u e s*  For th e  f i r s t  
i n v e s t ig a t io n s  a cy l t r i f l u o r o a c e t a t c s  wore n o t p re p a re d  a s  such b u t 
u se  was made o f  an oquirnolar m ix tu re  o f a c a rh o x y lic  a c id  and t r i ­
f lu o r o a c e t i c  anhydride*  I t  was l a t e r  shown (8 )  t h a t  such  s o lu t io n s  
d o , in  f a c t ,  c o n s is t  l a r g e ly  o f th e  co rre sp o n d in g  a c y l t r i f l u o r o ­
a c e ta te *  Those s o lu t io n s  were found to  a c y la te  hyd ro x y l groups in  a  
w ide v a r i e t y  o f  compounds (2 6 )*  They w i l l  a ls o  a c y la to  a c t iv a te d  
a ro m a tic  compounds such a s  p h e n o lic  e th e r s ,  m e s ity le n e  and fu ra n e  ( 29 )# 
In  a l l  th e s e  c a se s  none o f  th e  t r i f l u o r o a c e t i c  a c id  d e r iv a t iv e  i s  
o b ta in ed *  When th e  r e a c t io n  i s  c a r r ie d  o u t w ith  an am ine, how ever, 
th e  p ro d u c t c o n ta in s  b o th  th e  a c y l and th e  t r i f l u o r o a c e t y l  d e r iv a ­
t i v e s  ( 30) .
The F r ie d e l  C ra f t  a c y la t io n  u s in g  t r i f l u o r o a c e t i c
I
a n h y d rid e  ( 29) i s ,  p resum ab ly , v e ry  s im i la r  to  th e  r e a c t io n  c a r r ie d  
o u t by Newman ( 27 )* A r e a c t io n  betw een an a lc o h o l and an a c id  in
- l i ­
th e  p re sen ce  o f  t r i f l u o r o a c t i c  an h y d rid e  h as been in v e s t ig a te d  by 
Morgan ( 3 l) *  However, he found th a t  th e  r e a c t io n  betw een p o ly v in y l 
a lc o h o l and a c e t i c  a c id  i s  c a ta ly s e d  by q u i te  sm all am ounts o f  
t r i f l u o r o a c e t i c  anh y d rid e  and , a l s o ,  t r i f l u o r o a c e t i c  a c id .  T his 
d i f f e r s  from th e  r e s u l t s  o f Bourne and h i s  c o lle a g u e s  (2 8 )  who 
found th a t  c a t a l y t i c  amounts o f t r i f l u o r o a c e t i c  an h y d rid e  have 
l i t t l e  e f fe c t*
Ih e  main a p p l ic a t io n s  o f  a c y l t r i f l u o r o a c o t a t e s  as  
s y n th e t ic  r e a g e n t ;a r e  in  e s t é r i f i c a t i o n  and P r ie d e l  C ra f t  a c y la t io n .  
One o f  th e  m ain ad v an tag es  in  u s in g  th e s e  re a g e n ts  i s  t h a t  th e y  a re  
e f f e c t iv e  u n d er v e ry  m ild  c o n d it io n s  th u s  e n a b lin g  a c id  l a b i l e  
s u b s t r a te s  to  be used* These r e a c t io n s  have been  developed  con­
s id e r a b ly ,  n o ta b ly  in  th e  c a rb o h y d ra te  f i e l d  (3 2 , 33)# The e s t é r ­
i f i c a t i o n  r e a c t io n  i s  a ls o  u s e fu l  in  th e  c a se  o f s t e r i c a l l y  h in d e re d  
a c id s ,  e .g .  2*6 d im e th y lb e n so ic  a c id  (34)#
Acyl t r i f l u o r o a c o t a t e s  w i l l  a ls o  r e a c t  w ith  carb o n  to  
carbon  m u lt ip le  bonds (35)#  In  th e  case  o f  a doub le  bond a d d i t io n  
o ccu rs  fo llo w ed  by spon taneous e l im in a t io n  o f  t r i f l u o r o a c e t i c  a c id ,  
th e  p ro d u c t b e in g  an a c y l o le f in *
C R ^ H j C H ^ H  +  H . C O . O . G O . C P ^ — )  R . C O . C R ^ H . C R ^ H  ( C P ^ . C O g )  
— ^R.CO.CH^sCH^H + CP^COgH.
I f  an^ a c e ty le n e  i s  used  th e  in te rm e d ia te  a d d i t io n  compound can be 
i s o la t e d  b u t i s  more u s e f u l ly  re a c te d  w ith  m ethanol to  g iv e  a  
d ik e to n e s
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+ R .C O .O .C O .C P ^  )  n .C ü .C H sC K ^ (C F jC O g )
H .C O .C H sC IÎ^ (C Ï .C O g) + cn^ .O H  ------ )  C iy C O g .C H ^
H.CO.CH„.CÛ.R^’   —  ^ R.CO.CH«CR^OH
^  \
These r e a c t io n s  have been used to  s y n th e s is e  c y c l ic  compounds from 
u n o a tu ra te d  c a rh o x y lic  a c id s  ( 3 6 ) ;
CRg: CH. CHg.CEg. CH.,. GOgB + (CF^.GO)gO ------ )
and CliiC.Cng.Cng.CEg.COgn + (CPj.CO)^O
>0
In  th e se  c a se s  th e  ac y l t r i f l u o r o a c o ta to  formed w ith  th e  c a rh o x y lic  
a c id  group o f th e  s u b s t r a te  r e a c t s  w ith  a m u lt ip le  bond in  th o  same 
m olecule*
C o n s id e rab le  p ro g re s s  had been made in  th e  s y n th e t ic  
u se  o f  c a rh o x y lic  a c i d - t r i f l u o r o a c o t i c  an h y d rid e  system s b e fo re  
a c y l t r i f l u o r o a c e t a t c s  wore a c tu a l ly  i s o la te d *  iV idenco f o r  t h e i r
V/U
e x is ta n c e  w as, h ^ ev e r, g ra d u a lly  aco u îau la ted . T his ev id en ce  
(3 7 1 36) c o n s is te d  m ain ly  o f th e  r e a c t io n s  g iv en  by c a rh o x y lic  a c id -  
t r i f l u o r o a c e t i c  an h y d rid e  system s* I t  was su ggested  (3 7 )  t h a t  th e s e  
system s c o n ta in  an a c y l t r i f l u o r o a c e t a t e  and th a t  t h i s  su b s ta n c e  w i l l  
io n is e  to  g iv e  acy liu ra  c a t io n s  and t r i f l u o r o a c e t a t e  an ions*
Ti .COgH +  ( C F j . C O ) g O  ^ m ^ G P ^ C C g H  +  R . C O . O . C O . C P ^
Ü.CO.O.CÛ.CF, ------  ^ H.GO* + G P^.G og
aincG tho  acyliiu'.i io n  i s  by f a r  th e  most r e a c t iv e  s p e c ie s  p r e s e n t ,  
such a  system  w i l l  noi^nially be a c y la t in g  a s  has been found to  be
- 13 -
th e  ca se  (2 8 , 29 ) .  I f ,  how ever, a  base  i s  added t h i s  w i l l  r e a c t  
w ith  th e  t r i f l u o r o a c e t i c  a c id  p re s e n t  to  g iv e  t r i f l u o r o a c e t a t e  
a n io n s .  These w i l l  d e p re ss  th e  i o n i s a t io n  o f th e  a c y l t r i f l u o r o ­
a c e ta te  and th u s  red u ce  tho fo rm a tio n  o f  acy lium  io n s .  The 
a o y la t in g  p r o p e r t i e s  o f  th e  system  w i l l  th e n  be c o n s id e ra b ly  
reduced  and r e a c t io n  w ith  th e  u n io n ise d  ac y l t r i f l u o r o a c e t a t e  w i l l  
become im p o rtan t ( a  s im i la r  e f f e c t  w i l l  be produced by ad d in g  t r i ­
f lu o r o a c e ta te  an io n s  d i r e c t l y ) .  Due to  th e  s tro n g  e l e c t r o n  w ith k  
d raw ing  e f f e c t  o f  th e  t r i f lu o ro m e th y l  group th e  most p o s i t i v e ,  and 
hence th e  most r e a c t iv e  to  n u c le o p h i l io  s u b s t r a t e s ,  o f th e  c a rb o n y l 
g roups w i l l  be th e  one a d ja c e n t  to  th e  t r i f lu o ro m e th y l  g ro u p . Con­
s e q u e n tly  r e a c t io n  w ith  th e  m o le cu la r  an h y d rid e  w i l l  g iv e  m ain ly , 
i f  n o t e n t i r e l y ,  t r i f l u o r o a o e t y l a t i o n .  T his change in  p ro d u c t 
co m p o sitio n  on ad d in g  a b a se , o r  t r i f l u o r o a c o t a t e  a n io n , was 
observed  ( 38) .  In  th e  ca se  o f  an amine th e  s u b s t r a te  i t s e l f  i s  
a b ase  and a s im i la r  r e s u l t  i s  found ( 30) .
O ther ev id en ce  f o r  th e se  id e a s  i s  th e  o ccu rren ce  o f  a 
c o n d u c t iv i ty  maximum in  th e  a c o t ic  a n h y d r id e - t r i f lu o r o a c e t ic  
an h y d rid e  system  ( 39 ) and th e  o ccu rran c e  o f a  new peak in  th e  
i n f r a r e d  sp e c tra , o f  c a rh o x y lic  a c i d - t r i f l u o r o a c e t i c  an h y d rid e  
system s ( 38 ) .
The f i r s t  a tte m p t to  i s o l a t e  an a cy l t r i f l u o r o a c e t a t e  
was r e p o r te d  by Morgan ( 3 l )  who d i s t i l l e d  a c e t i c  a c i d - t r i f l u o r o ­
a c e t i c  an h y d rid e  and a c e t i c  a n h y d r id e - t r i f lu o r o a c e t i c  a c id  sy s tem s.
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No a c e ty l  t r i f l u o r o a c o t a t e  was o b ta in ed *  Acyl t r i f l u o r o a c o t a t o s  
w ere f i r s t  p rep a red  ( 4 0 ) from a c y l c h lo r id e s  and s i l v e r  t r i f l u o r o ­
a c e ta te *
H .C O .C l + C P j.C O gA g --------- )  R .C O .O .C O .C F ^  + Ag C l .
The r e a c t io n  was c a r r ie d  ou t in  e th e r  which was removed by  vacuum 
e v a p o ra t io n . The a c y l t r i f l u o r o a c o t a t e s  were th en  f l a s h  d i s t i l l e d  
s in c e  i t  was found t h a t  normal d i s t i l l a t i o n ,  even u n d er reduced  
p r e s s u re ,  caused  d is p r o p o r t io n a t io n .  Once th e y  had been  f la s h  
d i s t i l l e d ,  how ever, some o f  th e  p ro d u c ts  co u ld  be r e d i s t i l l e d  u n d e r 
reduced  p re s s u re  in  th e  norm al m anner. I t  was su g g ested  ( 4 0 ) t h a t  
t h i s  may be b ecau se  th e  d is p r o p o r t io n a t io n  i s  b ro u g h t ab o u t by un­
r e a c te d  s i l v e r  t r i f lu o r o a c e ta t e *  A l a t e r  r e p o r t  ( 4I )  showed th a t  
a c y l t r i f l u o r o a c e t a t c s  can a ls o  be p rep a red  from t r i f l u o r o a c e t i c  
a n h y d rid e  and a c a rh o x y lic  a c id .  A f te r  r e f lu x in g  t r i f l u o r o a c e t i c  
a c id  and an h y d rid e  w ere removed u n d er vacuum and th e  a c e ty l  t r i -  
f lu o r o a c e tà te  th o n  f la s h  d i s t i l l e d .
Acyl t r i f l u o r o a c o t a t e s  were a ls o  p re p a red  by Bourne 
and h i s  c o lle a g u e s  (8 )*  They used th re e  methods o f  p re p a ra t io n s  
d i r e c t  d i s t i l l a t i o n  o f  a  c a rh o x y lic  a c id  p lu s  t r i f l u o r o a c e t i c  
a n h y d rid e ; rem oval o f  t r i f l u o r o a c e t i c  a c id  from  such a system  by 
th e  a d d i t io n  o f  p y r id in e  in  e t h e r ,  lo llo w ed  by rem oval o f  th e  
p y rid in iu m  t r i f l u o r o a c e t a t e  and d i s t i l l a t i o n ;  d i r e c t  d i s t i l l a t i o n  
o f a m ix tu re  o f a  c a rh o x y lic  a c id  an h y d rid e  and t r i f l u o r o a c e t i c  
a n h y d rid e . As i s  a p p a re n t from th e s e  m ethods o f  p r e p a r a t io n ,  a c y l 
t r i f l u o r o a c o t a t e s  a re  r e l a t i v e l y  s ta b le  to  d i s p r o p o r t io n a t io n .
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That t h i s  i s  so was confirm ed by in f r a r e d  s tu d ie s  ( 8 ) .  I t  was found 
th a t  an  eq u irao la r m ix tu re  o f  a c e t i c  and t r i f l u o r o a c e t i c  an h y d rid e s  
in  ca rb o n  t e t r a c h lo r id e  s o lu t io n  i s  n e a r ly  q u a n t i t a t i v e l y  co n v e rted  
in to  a c e ty l  t r i f lu o r o a c e ta t e #  A s im i la r  r e s u l t .w a s  found f o r  benzoyl 
and p h e n y la o e ty l t r i f l u o r o a c o t a t e s  ( 8 ) .
The p r o p e r t i e s  o f th e  i s o la t e d  a c y l t r i f l u o r o a c e t a t e a  a re  
s im i la r  to  th o se  o f th e  co rre sp o n d in g  c a rh o x y lic  a c i d - t r i f l u o r o a c e t i o  
an h y d rid e  system  ( 8 ) .  They a r e ,  how ever, l e s s  r e a c t iv e  i n  Ib rled e l 
C ra f t  a c y la t io n s ,  and g iv e  a g r e a te r  p ro p o r tio n  o f  t r i f l u o r o a c e t a t e  
in  e s t é r i f i c a t i o n s #  On a d d i t io n  o f  t r i f l u o r o a c e t i c  a c id  a c y la t io n  
becomes e a s i e r  and th e  amount o f  t r i f l u o r o a c e t a t e  formed in  e s t é r i f i ­
c a t io n s  i s  reduced  (8 )#  Thus a lth o u g h  th e  main r e a c ta n t  in  c a rh o x y lic  
a c i d - t r i f l u o r o a c e t i c  an h y d rid e  system s i s  th e  a c y l t r i f l u o r o a c e t a t e ,  
i t s  p r o p e r t i e s  a re  c o n s id e ra b ly  m odified  by th e  t r i f l u o r o a c e t i c  a c id  
a l s o  p re se n t#
C. Mechanisms o f th o  R ea c tio n s  o f  Acyl T r i f lu o r o a c e ta te s  and O ther 
U nsym m etrical O arboxy lic  Acid A n h y d rid es .
The F r io d e l C ra f t  a c y la t io n s  w i l l  be c o n s id e re d  f i r s t #
Acyl t r i f l u o r o a c e t a t e s  a c y la to  a c t iv a te d  a ro m a tic  com­
pounds w ith o u t any accom panying t r i f l u o r o a o e t y la t i o n  (29 )#  I t  h as  
been su g g ested  t h a t  t h i s  r e a c t io n  o ccu rs  v ia  acy lium  io n s  (37)#  
A c y la tio n  and n o t t r i f l u o r o a o e t y l a t i o n  o ccu rs  s in c e ,  due to  th e  f a c t  
t h a t  t r i f l u o r o a c e t i c  a c id  i s  much s t ro n g e r  th a n  most o th e r  o a rb o x y lic  
a c id s  ( 4 2 ) ,  i o n i s a t io n  to  g iv e  th e  t r i f l u o r o a c e t y l i m  c a tio n s  
R . C O . O . C Û . C P j  ^ R . C O g  +  C P ^ . C O ®
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i a  much lo s s  l i lc o ly  th an  io n i s a t i o n  to  g ivo  th e  aoylium  c a t io n i
R.CO.O.CO.CPj R.CO® + CP^.CO®.
In  g e n e ra l ,  i f  t h i s  mechanism a p p l ie s ,  a c y la t io n  w ith  
an unsym m etrical anh y d rid e  w i l l  g iv e  th e  k e to n e  d e r iv e d  from  th e  
w eaker o f  th e  two p a re n t a c id s*  The r e s u l t s  o b ta in ed  by  U nger (2 6 ) 
seem to  f i t  t h i s  schem e, w ith  th o  ease  o f  r e a c t io n  in c r e a s in g  as  
th e  d i f f e r e n c e  i n  s t r e n g th  o f th e  p a re n t a c id s  o f th e  an h y d rid e  
i n c r e a s e s •
I t  h as  n o t ,  how ever, been e s ta b l is h e d  th a t  e i t h e r  o f  
th e s e  s o ts  o f r e a c t io n s  in v o lv e  acy lium  io n s .  Due to  th e  g r e a te r  
d i f f e r e n c e  in  s t r e n g th  o f th e  p a re n t  a c id s  o f  a c y l t r i f l u o r o a c e t a t c s  
i t  i s  more l i k e l y  t h a t  acy lium  io n s  a rc  in v o lv ed  in  t h e i r  r e a c t io n s  
th an  in  th o se  s tu d ie d  by U nger.
O ther P r ie d o l  C ra f t  a c y la t io n s  w ith  u nsym m etrica l 
a n h y d rid e s  have used  alum inium  c h lo r id e  a s  a  c a t a l y s t .  C ryer ( 24 ) 
o b ta in ed  bonzophenone from  b en zen e , alum inium  c h lo r id e  and a c e t i c  
benzo ic  anhydride*  T his i s  th e  d e r iv a t iv e  o f  th e  s t r o n g e r  o f  th e  
two p a re n t  ac id s*  Z eavin  and F is h e r  ( 25 ) o b ta in e d  th e  d e r iv a t iv e  
o f th e  s m a lle r  o f  th e  two p a re n t  a c id s  w hich, in  th e  c a se s  th ey  
s tu d ie d ,  was a l s o  th e  weaker* However, th e  d i f f e r e n c e  in  s t r e n g th  
o f  th e  p a re n t  a c id s  was som etim es q u i te  s m a ll .  For example in  
b en zo ic  o-m ethoxybenzoic an h y d rid e  th e  a c id  d i s s o c i a t i o n  c o n s ta n ts  
a t  25^ ( 4 3 ) a r e ,  r e s p e c t iv e ly ,  6*15 % lO’"'^  and 8 .0  x  10*“^; and f o r  
b en zo ic  ^  -n a p h th o ic  a n h y d rid e , 6 . I 5 x  10 ^ and 6*9 2: 10 ^* D e sp ite
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Of
th o se  d i f f e r e n o o s  b e in g  so sm all o n ly  henzophene was found in  th e  
p ro d u c t.
l a t e r  w orkers have found t h a t  F r io d e l C ra f t  a c y la t io n  w ith  
unsym m etrica l an h y d rid es  in  tho p re se n ce  o f  alum inium  c h lo r id e  g iv e s  
r i s e  to  a m ix tu re  o f  th e  two p o s s ib le  p ro d u c ts*  W illiam s, D ic k o rt and 
K ry n itsk y  (4 4 ) g iv e  th e  fo llo w in g  r e s u l t s  f o r  th e  r e a c t io n  betw een 
benzene (3*37 m o le), alum inium  c h lo r id e  ( 1 .6  mole) and an u nsym m etrica l 
a c e t i c  an h y d rid e  ( 0 .5  m o le );
bnsym m etrica l ^  y ie ld  o f  ^  y ie ld  o f  R a tio  o f  P lac e  o f  secor^i
a c e t i c  an h y d rid e  acetophonone o th e r  k e to n e  y ie ld s a c id  in  a  s e r i e s  
o f  d e c re a s in g  
a c id  s tr e n g th » *
P ro p io n ic 56 39 1 .4 4 3
B u ty r ic 34 66 0 .5 2 5
I s o b u ty r ic 55 58 0 .9 5 6
V a le r ic 42 68 0 .6 2 4
I s o v a le r ic 35 67 0 .52 3
T r ira e th y la c e tic 36 25 1 .4 4 9
C apro ic 39 59 0 .6 6 7
Benzoic 23 14 1 .6 4 1
* P o s i t io n  2 i s  occupied  by a c e t i c  ac id»
S in ce  a c e t i c  a c id  i s  s tr o n g e r  th an  a l l  th e  o th e r  a c id s  
co n cern ed , e x c ep t b e n z o ic , i t  i s  a p p a ren t t h a t  u s u a l ly  th e  k e to n e  
d e r iv e d  from  th e  w eaker o f  th e  two p a re n t  a c id s  o f  tho  an h y d rid e  
predom inates*  There a re  two e x c e p tio n s  to  t h i s  r u l e ,  a c e t i c  p ro p io n ic
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and a c o t ic  t r im e th y l  ace  t i c  anhydrides*  Those b o th  g iv e  a h l.^her y ie ld  
o f  acetophenone th an  o f  th e  o th e r  k e to n e . In  th e  ca se  o f  a c o t ic  
t r im e th y la o e t ic  an h y d rid e  t h i s  may be duo to  s t e r i c  h in d ra n c e  by th e  
tr im o th y lm e th y l g ro u p . The case  o f  a c e t i c  p ro p io n ic  an h y d rid e  i s  
s t i l l  u n re so lv e d , how ever.
The e x p la n a tio n  o f  th e se  r e s u l t s  in  term s o f  th e  s t r e n g th s  
o f  th e  p a re n t  a c id s  i s  n o t ,  how ever, s a t i s f a c t o r y .  I f  th e  d i f f e r e n c e  
in  s tren r^ th  o f  th e  p a re n t a c id s  was th e  d e te rm in in g  f a c to r  th e n  th e  
r a t i o  o f y i e ld s  shown in  th e  ta b le  shou ld  in c re a s e  a s  th e  s t r e n g th  o f 
th e  second a c id  in c re a se s*  Such a tre n d  i s  n o t a p p a re n t .  This cou ld  
b e , to  some e x te n t ,  due to  th e  u n s a t i s f a c to r y  n a tu re  o f  th e se  e x p e r i­
m en ts. The c o n d it io n s  a r e  such th a t  th e r e  i s  an  ex ce ss  o f  b o th  alum inium  
c h lo r id e  and benzene, c o n se q u en tly  i t  i s  p o s s ib le  f o r  r e a c t io n  to  o ccu r 
w ith  th e  a c id s  l i b e r a te d  d u r in g  th e  r e a c t io n .  That some such r e a c t io n  
does o ccu r i s  shown by th e  f a c t  t h a t  some o f  th e  t o t a l  y ie ld s  exceed 
100^. Thus, u n d er th o se  c o n d i t io n s ,  th e  com p o sitio n  o f  th e  p ro d u c t 
do es no t depend o n ly  on th e  p ro p o r t ie o  o f th e  a n h y d rid e .
Some worîc by M w ards and S i b i l l e  (45 ) was s p e c i f i c a l l y  
d es ig n e d  to  ovorcorao t h i s  d i f f i c u l t y .  Benzene ( l  m ole) was added 
s lo w ly  to  co o led  (O -  5^) unsym m etrica l an h y d rid e  ( l  m ole) p lu s  
alum inium  c h lo r id e  (3  m ole) in  carbon  d i s u l f i d e  ( l  l i t r e  p e r  mole o f  
a n h y d r id e ) .  Under th e se  c o n d it io n s  benzene i s  n o t p r e s e n t  in  ex cess  
and r e a c t io n  i s  a lm o st e n t i r e l y  w ith  th e  m ost r e a c t iv e  o f  th e  a c y la t in g  
a g e n ts  p r e s e n t  -  t h a t  i s  th e  unsym m etrica l a n h y d rid e . The r e s u l t s  
o b ta in e d  are*
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U nsym m etrical a c e t ic  
an h y d rid e
Jiole o f  
acetophenone 
in  th e  p ro d u c t
mole y! o f  second 
k e te n e  in  th e  
p ro d u c t
P la c e  o f  second 
a c id  in  s e r i e s  
o f  d e c re a s in g  
a c id  s t r e n g th  *
P ro p io n ic 34 66 10
B u ty r ic 27 73 6
I s o b u ty r ic 39 61 7
V a le r ic 20 30 5
lie th y lb u ty r ic 30 70 4
^  -  M e th y lb u ty ric 19 81 3
C apro ic 28 72 9
H ep tano ic 25 75 11
O ctanoic 26 74 8
C h lo ro a c o tic 89 11 1
* P o s i t io n  2 i s  occupied  by a c e t i c  ac id *
In  a l l  c a se s  th e  m ajor p ro d u c t i s  th e  k e to n e  d e r iv e d  from  
th e  w eaker o f th e  two a c id s ,  t h a t  i s ,  ex cep t in  th e  case  o f  a c e t i c  
c h lo ro a c o t ic  an h y d rid e , acetophenone i s  n o t th e  m ajo r p ro d u c t.  Thus 
th e  dependence o f  th e s e  r e s u l t s  on th e  r e l a t i v e  s t r e n g th s  o f  th e  p a re n t 
a c id s  i s  c lo s e r  th a n  th a t  o f  th o se  g iv en  above (44 )*  A gain , how ever, 
th e r e  i s  no g e n e ra l  tre n d  o f  p ro d u c t co m p o sitio n  w ith  v a ry in g  s t r e n g th  
o f  th e  second a c id .  T h e re fo re , as  i s  sug^rested , th e  e x p la n a tio n  o f 
th e se  r e s u l t s  must be sough t f o r  in  th e  in t e r p l a y  o f th e  e le c t r o n ic  
and s t e r i c  e f f e c t s  p r e s e n t  in  th e  n h y d rid e s  undor th e  c o n d it io n s  o f 
th e  r e a c t io n .
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I t  hao been su g g ested  ( 46 ) and accep ted  (47# 48) t h a t  
F r ie d e l  C ra f t  a c y la t io n s  w ith  c a rb o x y lic  an h y d rid es  in  th e  p re se n c e  
o f alum inium  c h lo r id e  p roceed  v ia  th e  i n i t i a l  fo rm a tio n  o f  th e  
co rre sp o n d in g  a c y l c h lo r id e *  To o b ta in  some in fo rm a tio n  on t h i s  
p o in t  Edwards and S i b i l l e  (45) compared th e  r e s u l t s  o f  th e  r e a c t io n  
betw een b enzene , alum inium  c h lo r id e  and an unsym m etrical an h y d rid e
-f
w ith  th e  r e s u l t s  o b ta in ed  u s in g  an eq u im o lar m ix tu re  o f  th e  c o r r e s ­
ponding a c y l c h lo r id e s#  T h e ir  r e s u l t s  w ere:
A c y la tin g  a g en t Mole % o f  acetophenone Mole o f  second
in  th e  p ro d u c t k e to n e  in  th e  p ro d u c t
A c e tic  b u ty r ic
an h y d rid e  27 73
A cety l c h lo r id e  p lu s
b u ty ry l  c h lo r id e  5  ^ 44
A c e tic  v a l e r i c
an h y d rid e  20 80
A cety l c h lo r id e  p lu s
v a lery l ch loride 5  ^ 44
I f  r e a c t io n  o ccu rs  via th e  a cy l c h lo r id e s  th e n , from  th e se  
r e s u l t s ,  i t  ap p e a rs  t h a t  a c e ty l  c h lo r id e  i s  n o t formed a s  q u ic k ly  a s ,  
o r  to  a  l e s s e r  e x te n t  th an  th e  o th e r  a cy l c h lo r id e . ' A lthough th e r e  i s  
no in d ic a t io n  a s  to  th e  manner in  which th e  a c y l c h lo r id e s  a re  formed 
from  th e  an h y d rid e  (4 6 , 47) i t  seems q u i t e ,  re a so n a b le  t h a t  one should  
bo form ed more e a s i l y  th a n  th e  o th er*  T his p o s s i b i l i t y  i s  r e j e c t e d
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( 4 5 ) ,  how ever, in  fav o u r o f a  d i f f e r e n t  mechanism.
The a u th o rs  (4 5 ) ouggest t h a t  a complex i s  foi^ii^d betw een 
alum inium  c h lo r id e  and one o f th e  ca rb o n y l oxygen atom s o f th e  a n h y d r id e .
S ince th e  two carb o n y l g roups a rc  d i f f e r e n t  an e q u il ib r iu m  can  e x i s t  be­
tw een th e  two p o s s ib le  com plexes, and e i t h e r  c a n re a c t  w ith  th e  s u b s t r a t e t
@ 0
R -  C =. 0 -  A1 Cl^ R -  C =. 0
\ \
0 0
1 /i r  -  G « 0 i r  -  c = 0 -  Al c i^
1 . ArH 2 . ArH
A r. CO.R Ar.CO.H^
I f  t h i s  scheme i s  c o r r e c t  th e  com p o sitio n  o f  th e  p ro d u c t w i l l  
depend on th e  p o s i t io n  o f th e  e q u ilib riu m  and th e  r e l a t i v e  r a t e s  o f  
r e a c t io n s  1 and 2 . One o f th e  tw o p o s s ib le  com plexes w i l l  be th e  more 
s ta b le  and th e r e fo r e  p r e s e n t  in  a g r e a te r  c o n c e n tr a t io n ,  b u t ,  a t  th e  
same tim e , i t  w i l l  be l e s s  r e a c t iv e  tow ards th e  s u b s t r a te *  The more 
s ta b le  complex w i l l  be th e  one w ith  th e  alum inium  c h lo r id e  a t ta c h e d  4o 
th e  ca rb o n y l group a d ja c e n t  to  th e  more e le c t r o n  r e le a s in g  and l e s s  
s t e r i o a l l y  h in d e r in g  a lk y l  g ro u p . S ince  th e  m ajor p ro d u c t i s  found to  bo 
th e  one w hich w i l l  be formed from t h i s  complex ( s e e  t a b le  above) i t  
ap p e a rs  t h a t  th e  in c re a se d  r a t e  o f r e a c t io n  o f th e  l e s s  s t a b le  complex 
i s  n o t s u f f i c i e n t  to  com pensate f o r  i t s  lov^/or c o n c e n tr a t io n .
A s im i la r  mechanism f o r  a F i io d e l  C ra f t  a c y la t io n ,  t h a t  i s  
r e a c t io n  v ia  a c a r b o n y l - c a ta ly s t  complex r a t h e r  th a n  v ia  th e  a c y l h a l id e ,  
has been proposed by S a tc h e l1 ( 4 8 ) .  There a r e ,  how ever, im p o rta n t
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d i f f e r e n c e s  betw een th e  r e a c t io n  co n s id e red  h e re  and t h a t  s tu d ie d  by 
S a tc h e l l  ( 4 8 )# H is r e a c t io n  g iv e s  an e a t e r  from  a p h en o l, and i s  
c a r r i e d  ou t in  th e  p re sen ce  o f  s ta n n ic  c h lo r id e ,  a c a t a l y s t  which 
does n o t c o n v e r t an h y d rid es  to  a c y l h a l id e s  so  e a s i l y .
A nother d i f f i c u l t y  i s  th a t  i t  i s  n o t c l e a r  how th e  p roposed  
com plex(45) w i l l  r e a c t  w ith  th e  s u b s t r a t e .  I t  i s  assumed ( 4 5 ) t h a t  
th e  s u b s t r a te  r e a c t s  w ith  th e  ca rb o n y l group which i s  comploxed and 
th e r e fo r e  has th e  more p o s i t iv e  carbon  atoms
e  0
q -  Ai 01.W " 1Ç -  C _ CO.R 
R
T his i s  n o t n e c e s s a r i ly  c o r r e c t .  I f ,  a s  has been done in  
o th e r  c a se s  (47)> th e  complex i s  co n s id e red  as  a  so u rce  o f  acy lium  io n s  
th e se  w i l l  a r i s e  by th e  fo llo w in g  io n i s a t io n :
0 Q
O.Al C l.
II
E.C .O .C O .R ^^~n^ (H.COg.Al Cl^)® + li^.CO®
1
In  t h i s  case  th e  p ro d u c t o f  th e  r e a c t io n  w i l l  be Ar.CO.R and n o t 
Ar.CO.R as  assumed above (45)*  I f  r e a c t io n  does o ccu r in  t h i s  manner 
th e n  th e  r e a c t io n  scheme a lr e a d y  g iv en  must be m o d ified  to :
Q Q
R -  C = 0 -  Al Cl^ , R -  C = 0\  ^^ \
0 \  0
1 /  1 /  «  e
R -  C = 0 R -  C « 0 -  Al 01 3^
1 . ArH 2 . ArH
Ar.CO.R^ Ar.CO.R.
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In  t h i s  c a se  tho  e x p e r im e n ta lly  de term in ed  m ajor p ro d u c t a r i s e s  from
th e  l e a s t  s ta b le  o f  th e  two com plexes, i . o .  from th e  one w ith  th e
alum inium  cHorido a tta c h e d  to  th e  ca rb o n y l a d ja c e n t  to  th e  l e s s
e le c t r o n  r e l e a s in g  and more s t e r i c a l l y  h in d e r in g  a lk y l  g ro u p . A gain,
how ever, a lth o u g h  t h i s  complex w i l l  be p re s e n t  in  a low er c o n c e n tra t io n
i t  may r e a c t  more r a p id ly  because  io n i s a t io n  w i l l  be e a s i e r  s in c e  i t
p ro d u ces a more s ta b l e  acylium  io n . I f  th is  e f f e c t  overcomes th e
low er c o n c e n tr a t io n  o f t h i s  complex th e  r e s u l t s  o b ta in e d  (4 5 )
s t i l l  be e x p la in e d .
Emery and Gold (4 9 j 50, 51) have s tu d ie d  th e  r e a c t io n
betw een v a r io u s  a c e t i c  c h lo r o a l ip h a t ic  an h y d rid es  and a ro m a tic  am ines
in  a ran g e  o f  s o lv e n ts .  The main r e s u l t  o f  t h i s  work i s  a s e t  (4 9 , 51)
o f  " c li lo ro a o y la tio n  r a t io s * '.  The c h lc r o à c y la t io n  r a t i o  i s  th e  r a t i o
o f  th e  y ie ld  o f  c h lo r o a l ip h a t ic  arnido to  th e  y ie ld  o f  a c e t a n i l i d e .
R e s u lts  o b ta in e d  f o r  th e  r e a c t io n  o f v a r io u s  an h y d rid es  ( C .0 . 05M)
w ith  a n i l i n e  ( c .0 .6  o r  c.l.CSLi) a t  25^ are*
U nsym m etrical C h lo ro a c y la tio n  r a t i o  in*
a c e t i c  80^  50/- 8 O/:; 50)^
an h y d rid e  benzene benzene a c e to n e  ace to n e
20}: 50f  20ÿ 50}:
Benzene ace to n e  ace to n e  A cetone w a te r  w a te r
( é = 3 )  ( e - 5 )  ( e - n )  ( € - 20 ) ( £ = 32 ) ( e = 53)
C h lo ro a c e tio  6 . l ( 5 » 5 )  2 .9 *  1 .6  0 . 69( 0 . 40 ) 0 .39*
D ie h lo ro ac e tto  2 .2 5 (2 .3 5 )1 * 4 5 *  O .67* O.29  0 .2 0 (0 .1 2 )  0 .21*
T r ic h lo ro ­
a c e t i c  0 .08  0 .07
-C h io re p ro ­
p io n ic  0#94 0 .4 5  0 *27( 0 . 15 )
a  -C h lo ro p ro -
p io n ic  0*29 ♦ 0 .25  0 .2 0
^ - C h l o r o -
b u ty r ic  0 .36  0.37 0*41
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* R a tio s  m easured a t  l8 ^ .  T h is  makes l i t t l e  d i f f e r e n c e  
to  t h e i r  v a lu e .
• V alues in  b ra c k e ts  r e f e r  to  2*4 — d ic h io ro a n il in e *
Tiio v a lu e s  o f  6 a re  ap p ro x im a te .
C onsider f i r s t  th e  c h lo ro a c y la t io n  r a t i o s  in  b en zen e . The 
s tro n g  e le c t r o n  w ithd raw ing  e f f e c t  o f  th e  c h lo r in e  atom le a d s  to  th e  
e x p e c ta t io n  th a t  a t t a c k  by th e  amine w i l l  o ccu r p r e f e r e n t i a l l y  a t  th e  
c h lo r o a l ip h a t ic  end o f  th e  an h y d rid e  m olecu le  i . e . , in  th e  c a se  o f  
a c e t i c  c h lo ro a c e t io  an h y d rid e  th e  p re fe re d  r e a c t io n  is*
+ C H gC l.C O .O .C O .C n^ )  Ph.m i.C O .C H gO l + CHjCOgH.
C onsequen tly  th e  c h lo ro a c y la t io n  r a t i o  w i l l  be fp rea te r  th a n  one. T h is 
i s  th e  ca se  f o r  a c e t i c  c h lo ro a c e t io  aiul a c e t i c  d ic î i lo ro a o e t ic  a n h y d r id e s . 
However, th e  r a t i o  i s  s m a lle r  f o r  th e  d ic h lo r o a c e t ic  th an  f o r  th e  mono- 
c h lo ro a c e t io  an h y d rid e  and f o r  a c e t i c  t r i c h l o r o a c e t i c  an h y d rid e  i t  i s  
l e s s  th a n  one. C le a r ly  some o th e r  e f f e c t  i s  in  o p é r a t io n .  Tliis e f f e c t  
i s  a  s t e r i c  one (5 l)«
As c h lo r in e  atoms a r e  s u b s t i tu te d  in to  th e  m ethyl group th e  
in d u c tiv e  e le c t r o n  w ithd raw al from th e  a d ja c e n t  ca rb o n y l group in c r e a s e s .  
T h is g ro u p , how ever, a ls o  becomes in c r e a s in g ly  s t e r i c a l l y  h in d e re d , th e  
s t e r i c  e f f e c t  b e in g  s im i la r  to  t h a t  produced by th e  same number o f 
m ethyl g roups ( 51 ) . From th e  change in  th e  c h lo ro a c y la t io n  r a t i o  i t  
i s  seen  t h a t  th e  s t e r i c  e f f e c t  in c re a s e s  more r a p id ly  th a n  th e  
in d u c tiv e  e f f e c t  a s  c h lo r in e  atoms a re  s u b s t i tu te d  f o r  hydrogen .
Tho c h lo ro a c y la t io n  r a t i o  f o r  th e  o th e r  th re e  an h y d rid es  
c o n s id e re d  i s  l e s s  th a n  o ne . A co tic  oG -oh lcrop rop ion io  an h y d rid e  i s  
s im i la r  s t e r i c a l l y  to  a c e t i c  d ic h lo r o a c e t ic  a n h y d rid e . Ih e  in d u c tiv e
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e f f e c t ,  how ever, i s  sm a lle r  and th u s  th o  c h lo r o a c y la t io n  r a t i o  i s  s m a lle r  
F or a c e t i c ^  - c h io ro p ro p io n ic  and y - b u ty r i c  a n h y d rid e s  th o  v a lu e s  o f th e  
c h lo ro a c y la t io n  r a t i o  sho^v t h a t  th e re  i s  s t i l l  c o n s id e ra b le  s t e r i c  
h in d ra n c e . T h is r a t h e r  s u r p r i s in g  r e s u l t  i s  e x p la in ed  by s u g g e s tin g  
( 51 ) t h a t  th e  carb o n y l group i s  s h ie ld e d  by th e  f a i r l y  rem ote c h lo r in e  
atom due to  an e l e c t r o s t a t i c  a t t r a c t i o n  betw een th o  c h lo r in e  atom and 
th o  ca rb o n y l carbon  atom e . g .
-  %
Cl 0 . Ac/
T his a t t r a c t i o n  r e s u l t s  in  th e  c h lo r in e  atom boing  u n u s u a lly  n e a r  to  
th e  carb o n y l g ro u p .
The v a r i a t i o n  o f  th e  c h lo r o a c y la t io n  r a t i o  a s  th e  s o lv e n t  
i s  changed i s  a ls o  o f  i n t e r e s t .  I f  r e a c t io n  o ccu rs  w ith  p r i o r  i o n i s a t i o n  
o f th o  an h y d rid e  th e  p ro d u c t w i l l  be th e  a c e ta t e  in  a l l  c a s e s  s in c e  
i o n i s a t i o n  to  g iv e  acy lium  c a t io n  and c î i lo r o a l ip h a t ic  an io n  e .g .
CH^Cl.CO.O.CO.CHj   GHgCl.C6®g + CH^.GO*
i s  e a s i e r  th a n  th e  a l t e r n a t iv e  i o n i s a t i o n ,  due to  th e  e l e c t r o n  a t t r a c t i n g  
power o f th e  c h lo r in e  atom ( 4 9 )* Uince an io n ic  mechanism becomes more 
l i lc e ly  a s  th e  d i e l e c t r i c  c o n s ta n t  o f  th e  medium in c re a s e s  and th e  c li lo ro -  
a c y la t io n  r a t i o  d e c re a se s  a s  th e  d i e l e c t r i c ; ( in c r e a s e s  ( s e e  t a b l e )  th e  
o ccu rren c e  o f  an  io n ic  mechanism i s  a  p o s s i b i l i t y .  S tudy o f th e  r e a c t io n  
o c c u r r in g  in  8 0 t 20 a c e to n e , w a te r , how ever, showed th a t  such  a  r e a c t io n  
does n o t o ccu r ( 50) . I f  i o n i s a t i o n  o f  th e  an liy d rid e  o ccu rs  i t  w i l l  be 
th e  r a t e  s te p  an d , c o n se q u e n tly , th e  r e a c t io n  w i l l  b e  z e ro  o rd e r  in  th e
am in e . T h is  i s  n o t th e  c a s e .
The change in  c h lo ro a c y la t io n  r a t i o  w ith  change in  s o lv e n t  i s
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e x p la in e d  a s  a s o lv a t io n  e f f e c t  ( $1 ) * As th e  s o lv e n t  i s  ohan{;ed from  
benaene to  a c e to n e —w a te r  i t s  s o lv a t in g  power in c re a se s »  S o lv a tio n
in  th e  s o lv e n ts  c o n s id o re d , ex cep t benzene where i t  i s  n e ^ l ig a b le ,  i s  by 
h^'dro^en bond ing . T his r e s n l to  in  th e  s o lv e n t  m o le c u le s , a c e to n e  o r  
w a te r ,  c lu s te r in g  around tho  amino group and h in d e r in g  i t s  a t t a c k  on th e  
a n h y d r id e . Tliis e f f e c t  i s  g r e a t e s t  on tho  a t t a c k  on tho  s t e r i c a l l y  
h in d e re d  end o f th e  an h y d rid e  m o lecu le . As a r e s u l t  th e  c h lo r o a c y la t io n  
r a t i o  f a l l s  when th e  r e a c t io n  i s  t r a n f e r r e d  to  s o lv e n ts  o f g r e a t e r  s o l ­
v a t in g  pow er. T his e f f e c t  may be added to  by p r e f e r e n t i a l  s o lv a t io n  o f  
th e  anhy3.ride m oloculo in  th e  v i c i n i t y  o f  th e  p o la r  c h lo r in e  atom s.
A somewhat s im i la r  i n te r p la y  o f  s t e r i c  and e l e c t r o n i c  e f f e c t s  
v/as found by Poucaud (^ 2 )  in  th e  r e a c t io n  o f  unsym m etrical s u c c in ic  
a n h y d rid e s  w ith  ammonia and am ines. The an liy d rid es  s tu d ie d  w ere 
- s u b s t i t u t e d  and ^ ^ :o ^ -d isu b s titu ted  s u c c in ic  anri^nlrides:
R"
C ----------- 0 : 0
CEp 0 :0
R ea c tio n  w ith  ammonia can g iv e  th e o ( -  o r  th e o (-a m id e :
y c .c o .m ig
oC-amide ^ - a m id e
In  p r a c t i c e  a m ix tu re  i s  o b ta in e d . The p ro d u c ts  r e s u l t i n g  from  th e  
r e a c t io n  o f v a r io u s  an h y d rid e s  w ith  ammonia in  e th e r  a t  20® a re  ( $ 2 ) ;
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S u b stitu ^ K ts  in
tlio a n h j^ r id e s  i  y ie ld  o f :
R •amide -amide
H 55 45
H
^6^5 * 46 (77) 54 ( 2 3 )
H 60 40
CH3 CH3 76 24
CH^ 96 -
CH3 78 22
CH3 70 30
C2H5 70 (94) 30 ( 6 )
C2H5 £ - 103 . 67 33
72 28v/ 53 (90) 47 ( 10 )
V alues in  b r a c k e ts  a r e  r e s u l t s  o b ta in e d  u s in g  d im e th y l-
amine.
* These an h jn irid es  g iv e  o n ly  thec^W m ide on r e a c t io n  
w ith  a n i l i n e .
In  n e a r ly  a l l  c a s e s  th e  -am ide p red o m in a te s  in  th e  p ro d u c t 
and t h i s  e f f e c t  i s  g r e a te r  in  th e  r e a c t io n  w ith  am in es. Thus s t e r i c  
h in d ra n c e  o f  th e  a t t a c k  on tho^X -carbony l group i s  im p o r ta n t .  That 
e l e c t r o n ic  e f f e c t s  a re  a ls o  im p o rta n t i s  shown by th e  lo w er y ie ld  o f  
o(-am ide from  d im eth y l th a n  from  d ip h e n y l s u c c in ic  a n h y d r id e . T îiis i s  
a r e s u l t  o f  th e  e l e c t r o n ic  e f f e c t s  o f  th e se  g ro u p s . The m ethyl group 
i s  e le c t r o n  su p p ly in g  and th u s  red u ces  th e  p o s i t iv e
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ch arg e  on tho  ©<-c a rb o n y l carbon  atom and hence i t s  r e a c t iv i ty *  The 
in d u c tiv e  e f f e c t  o f t h i s  group th u s  supplem ents i t s  s t e r i c  e f f e c t*
In  tho  case  o f  tho  phenyl group th e  in d u c tiv e  e f f e c t  i s  in  th e  
o p p o s ite  d i r e c t io n  and opposes th e  s t e r i c  e f f e c t*  As a r e s u l t  th e  
o v e r a l l  e f f e c t  o f th e  m ethyl group in  p re v e n tin g  a t t a c k  on th e  
-c a rb o n y l group i s  g r e a te r  th an  th a t  o f  th e  phenyl g roup .
The e f f e c t  o f th e  ^ ;-n itro p h o n y l group i s  u n ex p ec ted . 
S ince  i t  i s  s im i la r  s t e r i c a l l y  to  th e  phenyl group and i s  more 
e l e c t r o n  w ithdraw ing  i t  would be ex p ected  to  fa v o u r a t t a c k  more 
s t r o n g ly  th an  th e  phenyl g ro u p . In  two c a se s  ( s e e  t a b le )  where th e  
phenyl group i s  re p la c e d  by £ -n i t r o p h e n y l  such an e f f e c t  o ccu rs  b u t 
i t  i s  sm all*  In  th e  change from  phenyl to  ^ - n i t r o p h e n y ls u c c in ic  
an h y d rid e  th e r e  i s  an a p p re c ia b le  e f f e c t  in  th e  o p p o s ite  d i r e c t i o n .  
T h is i s  ex p la in e d  ( 52) by th e  o cc u rre n c e  o f  é n o l i s a t io n  in  - 
j2^ -n itro p h e n y lsu c c in ic  a n h y d rid e s :
2 r N 0 g * C g I I  *C CRg
a  Cj O
V /
T his  en o l i s  s t a b i l i s e d  by hydrogen bonding w ith  th e  ammonia p re s e n t  
and the(X ,-carbonyl group i s  no lo n g e r  a v a i la b le  f o r  r e a c t io n .
The r e a c t io n  betw een a c y l  t r i f l u o r o a c o t a t e s ,  p a r t i c u l a r l y  
a c e ty l  t r i f l u o r o a c e t a t e ,  and hydroxy compounds has been s tu d ie d  by 
B ourne, S ta c e y , Tatlow  and W o rra ll (53)«  They found th a t  s im p le  
p rim ary  and secondary  a lc o h o ls  r e a c t  w ith  a c o ty l  t r i f l u o r o a c e t a t e
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to  givQ a m ix tu re  o f a c e ta te  and t r i f l u o r o a c e t a t e .  Tho co m p o sitio n  
o f  th e  p ro d u c t depends on th e  a lc o h o l used and tho  r e a c t io n  c o n d i t io n s .
I t  i s  p o s s ib le  to  acco u n t (5 3 )  f o r  th e  r e s u l t s  o b ta in e d  by
p o s tu la t in g  two com peting r e a c t io n s .  One o f  th e s e  i s  a  d i r e c t  r e a c t io n
betw een th e  a lc o h o l and a c o ty l  t r i f l u o r o a c e t a t e .  In  t h i s  r e a c t io n  th e  
a n h y d rid e  i s  a t ta c k e d  a t  th e  c a rb o n y l group a d ja c e n t  to  th e  e le c t r o n  
w ithd raw ing  t r i f lu o ro m e th y l  group (com pare a c e t i c  c h lo r o a l ip h a t ic  
a n h y d rid es  co n s id e red  above) g iv in g  th e  t r i f l u o r o a c e t a t e :
fl.OH * cn^.CO.C.CC.OF^-----)  R.O.CO.ÛF3 + CHj.COgH.
In  th e  second r e a c t io n  th e  an h y d rid e  io n is e s  to  g iv e  th e  a c e ty liu m  
c a t io n  and t r i f l u o r o a c e t a t e  a n io n , th e  c a t io n  th en  r e a c t s  w ith  th e  
a lc o h o l to  g iv e  th e  a c e ta te  (com pare a c e t i c  c h lo r o a l ip h a t ic  a n h y d r id e s ) :
CH,.CO.O.CO.CF, f ^  CH,.GO® + CP-.CO®
3 3 \ I 3 5 ^
ROE + CH3 .CO® ------ 4  R.O.CO.CE3 + H®
These r e a c t io n s  o ccu r a t  com parable r a t e s  because  a lth o u g h  th e  
a c e ty liu m  io n  i s  much more r e a c t iv e  th a n  a c e ty l  t r i f l u o r o a c e t a t e  i t  
i s  o n ly  p r e s e n t  in  v e ry  sm all am ounts.
A lthough w ithd raw al o f  e le c t r o n s  from , and s t e r i c  h in d ra n c e  
a t ,  th e  hydroxy l group o f th e  s u b s t r a te  v / i l l  make b o th  r e a c t io n s  more 
d i f f i c u l t  th e s e  e f f e c t e  w i l l  be more im p o rtan t in  th e  f i r s t  r e a c t io n  
s in c e  t h i s  in v o lv e s  a l a r g e r  re a g e n t and one which i s  more s e n s i t i v e  
to  sm all e l e c t r o n ic  changes in  th e  s u b s t r a te .  C o n seq u en tly , th e  
more h in d e red  th e  s u b s t r a te  hyd ro x y l g roup , o r  th e  s m a lle r  i t s
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e l e c t r o n  a v a i l a b i l i t y ,  th e  g r e a te r  th e  amount o f  a c e ta t e  i n  th e  p ro d u c t*  
T h is  i s  found to  be so*
I f  th e  r e a c t io n  c o n d it io n s  a re  changed th e n  any  change w hich 
in c r e a s e s  th e  d eg ree  o f  i o n i s a t i o n  o f th e  an h y d rid e  w i l l  in c r e a s e  th e  
amount o f  a c e ta te  in  th e  p ro d u c t and v ic e  v e r s a .  I t  i s  found  (53) t h a t  
ad d in g  t r i f l u o r o a c e t i c  a c id  in c r e a s e s  th e  amount o f  a c e ta te  i n  th e  
p ro d u c t vd iile  ad d in g  carbon  t e t r a c h l o r i d e  d e c re a se s  i t *  The a d d i t io n  
o f  carbon  t e t r a c h l o r i d e  low ers th e  d i e l e c t r i c  c o n s ta n t  and  s o lv a t in g  
power o f  th e  r e a c t io n  mediuin and th e r e f o r e  would be ex p e c te d  to  red u ce  
any  io n is a t io n *  The e f f e c t  o f  t r i f l u o r o a c e t i c  a c id ,  how ever, i s  a  
l i t t l e  u n ex p ec ted  as  i t s  d i e l e c t r i c  c o n s ta n t (54) i s  n o t  h ig h  enough 
t o  acco u n t f o r  i t s  e f f e c t  on th e  r e a c t i o n .  I t  i s  su g g e s te d  (53) t h a t  
th e  t r i f l u o r o a c e t i c  a c id  s p e c i f i c a l l y  s o lv a te s  (55 ) th e  t r i f l u o r o a c e t a t e  
a n io n s  which otne l i b e r a te d  ivhen th e  an h y d rid e  io n is e s  th u s  making t h i s  
i o n i s a t i o n  e a s i e r .
I o n is a t io n  o f  th e  an h y d rid e  w i l l  be s u p re s se d  by a  common- 
io n  e f f e c t  i f  sodium t r i f l u o r o a c e t a t e  i s  ad d ed . Such a d d i t io n  i s  
found  (53) t o  d e c rea se  th e  amount o f  a c e ta te  i n  th e  p ro d u c t a s  expected*  
A group o f  more a c id ic  hydroxy compunds, ijiade up  o f  p h en o l 
and  some f lu o r o a lc o h o ls ,  was a l s o  in v e s t ig a te d  (53)* These compounds 
g iv e  o n ly  a c e ta te  e x c e p t in  th e  p re sen ce  o f  sodiujn t r i f l u o r o a c e t a t e *
In  carbon  t e t r a c h l o r i d e  s o lu t io n  th e  r e a c t io n  i s  s lo w er and  i s  
a c c e le r a te d  by ad d in g  t r i f l u o r o a c e t i c  a c id ,  b u t s t i l l  th e  a c e ta te  i s
th e  o n ly  p roduct*
I t  i s  su g g es ted  (53) t h a t  th e s e  more a c id ic  compounds a re  
n o t a b le  t o  r e a c t  w ith  th e  u n io n ise d  an h y d rid e  a t  a l l  and c o n se q u e n tly
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can  o n ly  y ie ld  tho a c o ta t e .  The r a t e  changes on ad d in g  carb o n  t e t r a ­
c h lo r id e  o r  t r i f l u o r o a c e t i c  a c id  a re  due to  th e  e f f e c t  o f  th o se  sub­
s ta n c e s  on th e  io n is a t io n  o f  tho  a n h y d rid e , a s  d is c u s s e d  above.
The r e s u l t s  o b ta in ed  w ith  a  t h i r d  group o f  a lc o h o ls  ( J e r t .  
b u t a n o l , - p h e n y l e t h a n o l ,  d ipheny lm othano l and ^ m e th o x p h e n y lp h e n y l-  
m ethanol) a r e  more co m p lica ted  (53 )*  In  some c a se s  ad d in g  carbon  
t e t r a c h lo r id e  g iv e s  l e s s  a c e ta te  in  th e  p ro d u c t and som etim es m ore, 
th o  a d d i t io n  o f  t r i f l u o r o a c e t i c  a c id  and sodium t r i f l u o r o a c e t a t e  can 
a ls o  a f f e c t  th e  r e s u l t  in  e i t h e r  way. These c o m p lic a tio n s  a r i s e  
because  th e se  a lc o h o ls  a re  more b a s ic  and a ls o  more s t e r i o a l l y  
h in d e red  th an  th o se  a lr e a d y  c o n s id e re d . As a r e s u l t  o f  th e s e  d i f ­
fe re n c e s  two new r é a c t io n s  a re  p o s s ib le .
F i r s t l y  th e  com bination  o f  in c re a se d  b a s i c i t y  and in c re a se d  
s t e r i c  h in d ra n c e  r e s u l t s  in  a t t a c k  on th e  m o lecirlar an h y d rid e  s h i f t i n g  
from th e  t r i f l u o r o a c e t y l  to  tho  a c e ty l  end o f  th e  m o lec u le . The s t e r i c  
h in d ra n c e  a t  tho  hydroxy l group red u ces  r e a c t io n  a t  th e  more s t e r i c a l l y  
h in d e red  end o f  th e  an h y d rid e  m olecu le  and i t s  h igh  b a s i c i t y  makes 
r e a c t io n  a t  th e  o th e r  end p o s s ib le *  Thus r e a c t io n  u n d er n o n - io n is in g  
c o n d it io n s  ca n , w ith  th e se  a lc o h o ls ,  igive th e  a c e t a t e .
Gecondly th e  h ig h  b a s i c i t y  o f th e se  a lc o h o ls  a ls o  makes 
a lk y l-o x y g e n  f i s s io n  p o ss ib le *  T h is  o ccu rs  in  th o  p re se n c e  o f t r i ­
f lu o r o a c e t ic  a c id ,  th e  r e a c t io n  b e in g  e .g .
Me 3C.cn + CF3 .CO3E ------- > MOjC^OHg + CP3 .GO®
6 Q
M e 3 G . 0 E g  )  1 : 8 3 0  +  H 3 O ^  ^ \M e + CF^*CO p 7 Me^C.O.CO.OF^
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The a c o t ic  e s t e r  can  undergo a s im i la r  r e a c t io n  to  g iv e  th e  t r i -  
f lu o r o a c o ta te ,  in  t h i s  ca se  th o  carbonium  io n  i s  formed by th e  
e l im in a t io n  o f  a m olecu le  o f  a c e t i c  a c id .  This r e a c t io n  i s  fav o u red  
by in c r e a s in g  th e  amount o f  t r i f l u o r o a c e t i c  a c id  p r e s e n t  and r e ­
d u c in g  th e  amount o f carbon  t e t r a c h l o r i d e .  Thus h e re  t r i f l u o r o a c e t a t e  
fo rm a tio n  i s  favoured  by c o n d it io n s  w hich o th e r  a lc o h o ls  fa v o u r 
a c e ta te  fo rm a tio n . The o ccu rren ce  o f  th e s e  two r e a c t io n s ,  in  
a d d i t io n  to  those  d e a l t  w ith  e a r l i e r ,  c au ses  th e  a p p a re n tly  con­
t r a d ic to r y  r e s u l t s  o b ta in e d  w ith  th e se  a lc o h o ls .
*^ ome work was a l s o  done ( 53 ) w ith  benzoy l and phenyl a c e ty l  
t r i f l u o r o a c o t a t e s .  Tlie r e s u l t s  w ere s im i la r  to  th o se  o b ta in ed  u s in g  
a c e ty l  t r i f l u o r o a c e t a t e .  I'/ith b o th  o f th e se  a n h y d r id e s , how ever, 
th e re  i s  a g r e a t e r  tendency  to  g iv e  t r i f l u o r o a c e t a t e s ,  t h i s  e f f e c t  
b e in g  most pronounced w ith  benzoy l t r i f l u o r o a c e t a t e .  T h is  may be 
because  p h e n y la c e tic  and benzo ic  a c id s  a re  bo th  s t r o n g e r  th an  a c o t ic  
a c id  and co n seq u en tly  i o n i s a t io n  o f th e s e  an h y d rid es  i s  more d i f f i ­
c u l t .  In  th o  ca se  o f benzoyl t r i f l u o r o a c e t a t e  tho  c a t io n  formed on 
io n i s a t io n  i s  lo s s  r e a c t iv e  th a n  th e  aco ty liu m  c a t io n  duo to  
reso n an ce  s t a b i l i s a t i o n  ( 53 ) and t h i s  may reduce th e  a c y la t in g  
power o f t h i s  a n h y d rid e .
Benzoyl t r i f l u o r o a c e t a t e ,  due to  i t s  d e c re a se d  a c y la t in g  
power relati%»-e to  a c e ty l  t r i f L u o r o a c e ta to , r e a c t s  w i t .  phenol (C.IM ) 
in  carbon  t e t r a c h lo r id e  s o lu t io n  to  g iv e  m ain ly  phenyl t r i f l u o r o ­
a c e t a t e .  I f  t r i f l u o r o a c e t i c  a c id  i s  added th e  r a t e  o f  b en zo a te  
fo rm a tio n  r i s e s  ( com pare’a c e ty l  t r i f l u o r o a c e t a t o ) , a t  th e  same tim e
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th e  r a t e  o f  t r i f l u o r o a c e t a t e  fo rm a tio n  f a l l s  so t b a t  th e r e  i s  a  f a l l  
in  th o  t o t a l  r a t e  o f  r e a c t io n  ( 5 3 ) .  The f a l l  in  th e  r a t e  o f  t r i f l u o r o -  
a c é ty la t io n  i s  th o u g h t to  ho (5 3 ) a r e s u l t  o f  th e  s o lv a t io n  o f  th e  
an h y d rid e  "by th e  t r i f l u o r o a c e t i c  a c id .
T his t h e s i s  c o n ta in s  f u r th e r  work on th e  r e a c t io n  betw een 
a c e ty l  t r i f l u o r o a c e t a t e  and hydroxy compounds in  carbon  t e t r a c h lo r id e  
s o lu t io n .  '
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Carbon T e tr a c h lo r id e .
’’AnalaR'* carbon  t e t r a c h lo r id e  was 
e i t h e r  r e d i s t i l l e d  from p h o sp h o ric  ox ide  o r  d r ie d  w ith  a ty p e  "4A" 
m o le c u la r  s ie v e .
A c e tic  A cid .
“AnalaR** a c e t i c  a c id  was r e d i s t i l l e d  b .p .  117-118®. 
T r i f lu o r o a c e t ic  A cid .
Eastman t r i f l u o r o a c e t i c  a c id  was r e -
d i s t i l l e d ,  b .p . 72-74°.
A ce tic  A nhydride.
"AnalaR" a c e t i c  an h y d rid e  was r e d i s t i l l e d ,
b .p .  1 3 9 -1 4 0 °.
T r i f lu o r o a c e t ic  A nhydride.
T r i f lu o r o a c e t ic  a c id  (lOO g . )  was d i s t i l l e d  
from  p h o sp h o ric  ox ide  (87  g . )  and th e  d i s t i l l a t e  c o l le c te d  o v er p h o sp h o ric  
o x id e  ( 2 8 ) .  The p ro d u c t was r e d i s t i l l e d ,  b .p .  38-39^ , and c o l le c te d  over 
f r e s h  p h o sp h o ric  o x id e . The r e c e iv e r  was c lo se d  by an a d a p to r  w ith  a 
ta p  and connected  to  a  vacuum l i n e .  Tho an h y d rid e  was f ro z e n  w ith  
l iq u id  n i t r o g e n ,  th e  v e s s e l  ev acu a ted  to  abou t 0 .1  m.ra. o f m ercury  and 
allow ed  to  r e tu rn  to  room te m p e ra tu re . T h is  p ro c e ss  was re p e a te d  to  
remove d is s o lv e d  g a s e s .  Use o f  th e  an h y d rid e  from  t h i s  s to ra g e  c o n ta in e r  
i s  d e s c r ib e d  below .
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A cety l T r i f lu o r o a c e ta t e .
T h is  was p re p a re d  by m ixing  eq u im o la r 
am ounts o f  a c e t i c  and t r i f l u o r o a c e t i c  an h y d rid es  in  ca rb o n  t e t r a ­
c h lo r id e  ( 8 ) .  The s o lu t io n  o f  th e  two a n h y d rid es  was p re p a re d  a s  
fo llo w s .
A s o lu t io n  o f a c e t i c  an h y d rid e  was made up in  th e  norm al 
m anner and p la c e d  in  a v o lu m e tr ic  f l a s k .  Some t r i f l u o r o a c e t i c  an h y d rid e  
was d i s t i l l e d ,  on a vacuum l i n e ,  from  i t s  s to ra g e  c o n ta in e r  in to  an 
em pty, w eighed , t r a n s i t  c o n ta in e r .  T h is  c o n ta in e r  was c lo se d  by a  ta p ,  
removed from  th e  l i n e  and w eighed. The amount o f  an h y d rid e  in  t h i s  
t r a n s i t  c o n ta in e r  was th en  a d ju s te d  by d i s t i l l i n g  backw ards o r  fo rw ard s  
u n t i l  i t  was eq u im o lar w ith  th e  a c e t i c  an h y d rid e  u s e d . Carbon t e t r a ­
c h lo r id e  was p lac ed  in  a  f l a s k  w hich was c lo se d  by an a d a p to r  w ith  a  
t a p .  T h is  was connected  to  th e  vacuum l i n e ,  f ro z e n  i n  l i q u id  n i t r o g e n ,  
ev acu a ted  and allow ed  to  r e tu r n  to  room te m p e ra tu re . The f r e e z in g  and 
e v a c u a tio n  were re p e a te d  to  remove d is s o lv e d  g a se s  and th e n  th e  t r i f l u o r o ­
a c e t i c  an h y d rid e  was d i s t i l l e d  in  from  th e  t r a n s i t  c o n ta in e r .  On a llo w in g  
th e  m ix tu re  to  r e tu r n  to  room te m p e ra tu re  a s o lu t io n  was o b ta in e d .
The s o lu t io n  o f  t r i f l u o r o a c e t i c  an h y d rid e  was added to  t h a t  
o f  a c e t i c  an h y d rid e  in  th e  v o lu m e tr ic  f l a s k  and th e  whole made up to  
th e  m ark. The c o n c e n tra t io n  o f  s o lu t io n s  made up in  t h i s  way, assum ing 
com plete  c o n v e rs io n  o f th e  sym m etrica l an h y d rid e s  to  a c o ty l  t r i f l u o r o ­
a c e t a t e ,  i s  known w ith  an e r r o r  o f  _+ 0.001  M,.
T h is p ro ced u re  was adop ted  a f t e r  i t  had been found to  g iv e
— 36 —
as  good Q p ro d u c t a s  was o b ta in ed  v/hen a l l  th re e  com ponents w ere
d i s t i l l e d  from s u i t a b l e  d e h y d ra tin g  a g e n ts ,  v ia  t r a n s i t  c o n ta in e r s ,
in to  a f i n a l  r e c e iv e r  on th e  vacuum l i n e .
The p ro g re s s  o f  th e  r e a c t io n  bet%veen th e  two a n h y d rid e s
was fo llo w ed  by in f r a r e d  sp e c tro sc o p y  in  th e  r e g io n a l? 00 -  I 9 OO and
1000 -  1200 cra7^. In  th e  fo rm er r e g io n  th e  a c e t i c  an h y d rid e  ca rb o n y l
—1a b s o rp tio n  bands a t  1J60 and 1820 cm. and th e  c o rre sp o n d in g  t r i f l u o r o ­
a c e t i c  an h y d rid e  bands a t  I 8OO and i8 6 0  cmT^ were g r a d u a l ly  re p la c e d  by 
bands a t  1?80 and I 85O cmT^ due to  a c e ty l  t r i f l u o r o a c e t a t e .  In  th e  
l a t t e r  re g io n  th e  bands a t  1120 and IO4O cmT^ due to  a c e t i c  and 
t r i f l u o r o a c e t i c  an h y d rid es  r e s p e c t iv e ly ,  w ere g r a d u a l ly  re p la c e d  by a 
band a t  IO8O cmT^ due to  a c e ty l  t r i f l u o r o a c e t a t e .
No q u a n t i t a t i v e  s tu d y  was made o f  th e  r a t e  o f  t h i s  r e a c t io n  
b u t i t  was n o tic e d  th a t  th e  tim e re q u ire d  to  re a c h  e q u i l ib r iu m , when 
o n ly  t r a c e s  o f  th e  sy m m etrica l an h y d rid es  cou ld  be s e e n , v a r ie d  from 
l e s s  th a n  24 h o u rs  up to  n e a r ly  10 d a y s . The v a r i a t io n  was n o t r e l a t e d  
in  any way to  th e  c o n c e n tra t io n  o f  th e  s o lu t io n .
P h en o l•
"AnalaR" phenol was used  d i r e c t l y .
P h e n o l-d •
Phenol (4*7 g . ) was d is s o lv e d  in  d e u te r iu m  ox ide  ( l  g . ) 
V/ater was d i s t i l l e d  ou t and d eu te riu m  ox id e  ( l  g . ) a g a in  added . W ater 
was a g a in  d i s t i l l e d  o u t fo llo w ed  by p h e n o l, b .p .  179- 180®. The amount 
o f  p h o n o l-d  in  th e  p ro d u c t was found by in f r a r e d  s p e c tro s c o p y . The
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h e ig h t  o f  th e  OH s t r e t c h in g  peak o f  th e  p ro d u c t in  ca rb o n  t e t r a c h l o r i d e  
s o lu t io n  was raeasureojusing a P e rk in  Elmer In f ra c o rd  w hich had been 
c a l ib r a te d  w ith  known s o lu t io n s  o f  p h e n o l. T h is en ab led  th e  pheno l 
c o n c e n tr a t io n  to  be found and hence tho  p h en o l-d  c o n c e n tr a t io n .
The p ro d u c t was found to  bo d e u to r a te d .
0 -  C hlorophenol
Hopkins and W illiam s* p ro d u c t was
r e d i s t i l l e d ,  b .p .  173 -  174°.
m -  C h lo ropheno l.
Eastm an’s p ro d u c t was r e d i s t i l l e d .
b .p .  213 -  214°
JO -  C h lo ro p h en o l.
B.b.H* "L ab o ra to ry  R eagent" was
r e d i s t i l l e d ,  b .p .  219^ .
o -  C ro so l.
r e d i s t i l l e d ,  b .p .  190^.
B.H.H. "L a b o ra to ry  R eagent" was /
m -  C reso l*
r e d i s t i l l e d ,  b .p .  200^.
B.D.H. "L ab o ra to ry  R eagent" was
J2 -  C re s o l.
B.B.H. "L ab o ra to ry  R eagent" was
r e d i s t i l l e d ,  b .p .  201 -  202®.
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2  - Hethoxyphenol.
Hopkins and Williamb product was
r o d i s t i l l e d ,  b .p .  203 -  205° .
ra -  M ethoxyphenol.
B.B.H. "L ab o ra to ry  R eagent" was 
r e d i s t i l l e d ,  b .p .  24O -  244^* . '
2  -  M ethoxyphenol•
Boots* p ro d u c t was r e c r y s t a l l i s e d  from  
w a te r . The r e c r y s t a l l i s e d  m a te r ia l  had m .p . 54 -  55^*
2  -  N itro p h e n o l.
B.B.H. "L ab o ra to ry  R eag en t" , m .p . 44 -  46®,
was used d i r e c t l y .
I so p ro p a n o l.
"A nala R" iso p ro p a n o l was r e d i s t i l l e d ,
b .p .  80 — 81 .
Phenyl A c e ta te .
Ic e  (44g*) and a c e t i c  a n h y d rid e  (8  m l.)  
w ere added to  a s o lu t io n  o f phenol (6  g . )  in  lOÿ aqueous sodium 
hydox ide (40  m l . ) . ‘The m ix tu re  was shaken f o r  5 m in u te s , carbon  
t e t r c h lo r i d e  (2^  m l.)  added and th e  o rg a n ic  l a y e r  s e p a ra te d .  T his 
was washed tw ic e  w ith  s a tu r a te d  aqueous p o tass iu m  b ic a rb o n a te ,  once 
w ith  w a te r ,  d r ie d  and d i s t i l l e d  ( 56) .
Tho p ro d u c t had b .p .  192 -  194^*
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The fo llo w in g  a c e ta t e s  wore made in  a s im i l a r  manner and 
had th e  b .p s .  g iv e n .
2  -  C hlorophenyl A c o ta to .
B .p . 220 -  224°.
m -  C hlorophenyl A c e ta te .
B .p . 226 -  227°.
2  -  C hlorophenyl A c o ta te .
B .p . 228 -  230°.
2  -  T o ly l A cotate*
B .p . 207 -  209°.
2  ~ T o ly l A ceta te*
B .p . 212 -  2 1 4 ° .
«
2  -  T o ly l A c e ta te .
B .p . 212 -  21 4 °.
2  -  M ethoxyphenyl A c o ta te .
B .p . 236 -  242°.
2  -  N itro p h e n y l A c e ta te .
Ic e  (44  g ' )  and a c e t i c  a n h y d rid e  (8  m l.)  
were added to  a s o lu t io n  o f  2 -^^"krophenol ( ? .6  g . )  in  1% aqueous 
sodium  h y d ro x id e  (9 0  m l . ) .  The m ix tu re  was shaken f o r  5 m inu tes  and 
e x t r a c te d  th r e e  tim es w ith  e t h e r .  The e th e r e a l  e x t r a c t  was washed 
th re e  tim es  w ith  s a tu r a te d  aqueous p o tass iu m  b ic a rb o n a te ,  once w ith  
w a te r ,  d r ie d  and ev a p o ra te d  down to  g iv e  a y e llo w  s o l i d .  On 
r e c r y o t a l l i s a t i o n  from  e th a n o l a  w h ite  s o l id  o f  m .p . 36 -  38® was 
o b ta in e d •
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ni -  M ethoxyphenyl A c o ta te .
S u lp h u ric  a c id  ( l  d ro p ) was added to  a 
m ix tu re  o f m-methoxyphonol (11 g . ) and a c e t i c  an h y d rid e  (14  m l . ) .
A f te r  th e  i n i t i a l  r e a c t io n  had su b sid ed  th e  m ix tu re  was re f lu x e d  
f o r  h o u r, c o o le d , washed tw ice  w ith  w a te r  and tw ice  w ith  s a tu r a te d  
aqueous p o ta ss iu m  b ic a rb o n a te .  E th e r  (7  m l.)  was added , th e  s o lu t io n  
washed tw ice  w ith  w a te r ,  d r ie d  and d i s t i l l e d  ( 57)«
Tho p ro d u c t b o i le d  a t  25O -  254^»
2  -  M ethoxyphenol A c e ta te .
The p r e p a ra t io n  o f  t h i s  was s im i la r  to  t h a t  
o f  m -  raothoxjrphenyl a c e ta te  ( 58) .  In  th e  f i n a l  s ta g e  a s o l i d ,  m .p .
30 -  32®, was c r y s t a l l i s e d  from th e  e th e r e a l  s o lu t io n .
Iso p ro p y l A c e ta te .
B .B .ÏÏ. "L ab o ra to ry  R eagent" was r e d i s t i l l e d ,
b .p *  88®.
Phenyl T r i f lu o r o a c e ta t e .
Phenol (1 0  g . ) and t r i f l u o r o a c e t i c  an h y d rid e  
(30  g . ) ( r e f lu x e d  i^  th e  p re sen ce  o f a l i t t l e  sodium t r i f l u o r o a c e t a t e  
f o r  *?. h o u r and th e  m ix tu re  f r a c t io n a te d  (53)*  The e s t e r  was c o l le c te d
a t  147 "  148®.
2  -  C hlorophenyl I’r i f l u o r o a c e t a t e .
T his was p rep a red  in  a s im i la r  manner and 
was c o l le c te d  a t  I 8I  -  l82® .
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Iso p ro p y l T r i f lu o r o a c e ta te .
Iso p ro p an o l (6  g*) and t r i f l u o r o a c e t i c  
an h y d rid e  (25  g) wcro ^eflu x o d  th e  p re se n c e  o f  a  l i t t l e  sodium  
t r i f l u o r o a c e t a t e  f o r  ^ h o u r . E th e r  was addod, th e  s o lu t io n  washed 
tw ice  w ith  w a te r  and tw ice  w ith  s a tu r a te d  aqueous p o tass iu m  b ic a rb o n a te ,  
d r ie d  and d i s t i l l e d .  The e s t e r  was c o l le c te d  a t  ?2 -  73®.
P y r id in e
B .b .n .  "L ab o ra to ry  R eagent" was ^.eflirxed
o v erp o tass iu m  h y d ro x id e , d i s t i l l e d  w ith  b .p .  113 -  115^? and s to r e d  
o v er p o ta ss iu m  h y d ro x id e .
Tetra-n-butylaram oniiim  Phenoxide B ip h e n o la te .
( i . e .  n Bu^HOCgE^.aCgH^OE).
T o tra -» -  butylammonium io d id e  (9 .2 3  g . )  in  
m ethanol was co n v e rted  to  th e  h y d ro x id e  u s in g  f r e s h ly  p r e c ip i t a t e d  
" s i l v e r  h y d ro x id e " . Phenol (7*05 g) was th e n  added and th e  s o lu t io n  
e v a p o ra te d  down to  a  s t i c k y  s o l i d .  On tre a tm e n t w ith  a sm all amount 
o f  e th e r  t h i s  gave a w h ite  s o l id  w hich was r e c r y s t a l l i s e d  from  e th e r  
to  g iv e  w h ite  c r y s t a l s  o f  m.p* 65 -  67®*
Elem ent a n a ly s is  g ave: C ,76 .91 ;II^10 .13 ;N )2#80 . 
r e q u i r e s :  C ,7 7 * 9 8 ;n ,1 0 .2 0 ;N ,2 .6 7 ^ -
The t o t a l  amount o f  phenol p r e s e n t  ( i . e .  phenol p lu s  
p henox ide) was e s tim a te d  by b ro m in a tio n  fo llo w ed  by c o n v e rs io n  o f  
e x c e ss  brom ine to  io d in e  and back t f i t r a t i o n  w it;, th io s u lp h a te  ( 59 ) .  
"AnalaR" carbon  t e t r a c h lo r id e  was used  to  d is s o lv e  th e  b rom inated  
p h e n o l. P ro longed  sh ak in g  was needed n e a r  th e  end p o in t  to  m a in ta in  
e q u il ib r iu m  betw een th e  two p h a se s .
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A s o lu t io n  o f  th e  phenoxide made up to  he 0*116N in  phenol 
was found to  he 0.121N.
A s im i la r  e s t im a t io n  u s in g  0.121N "AnalaR" pheno l gave a  
n o rm a lity  o f  0*117H.
P o tassium  B ica rb o n a te  S o lu t io n s .
S a tu ra te d  aqueous p o ta ss iu m  b ic a rb o n a te  was mado up from
B .D .E . "L ab o ra to ry  R eagent" p o ta ss iu m  b ic a rb o n a te  and d i s t i l l e d  w a te r .
L ess c o n c e n tra te d  s o lu t io n s  w ere made up by d i l u t i n g  th e  s a tu r a te d
'  : "  !
s o lu t io n  w ith  w a te r .
B u ffe r  S o lu t io n s .
B u ffe r  s o lu t io n s  o f nom inal pH 6 , 7 , 8 , 9 and 10 w ere
made by m ix ing  s u i t a b l e  volumes o f  0 .0 5  M borax  and 0 .1  M p o ta ss iu m
d ih y d ro g en  p h o sp h a te  o r ,  i n  th e  l a s t  c a s e ,  0 .1  M sodium h y d ro x id e  ( 6 o ) .
A sodium carb o n a te -so d iu m  b ic a rb o n a te  b u f f e r ,  o f  nom inal 
pH 9, was made up from  1 M sodium b ic a rb o n a te  and 1 M sodium h y d ro x id e  
( 6 1 ) .
An ammonium hydroxide-ammonium c h lo r id e  b u f f e r  o f  nom inal
pH 9 was made up from  1 M ammonium hyd.roxide p lu s  1 M h y d ro c h lo r ic
a c id  ( 6 l ) .
In  a l l  o a ses  th e  a c tu a l  pH was m easure on an  E le c tro n ic  
In s tru m e n t, Model 23A, D ire c t  Reading pH M ete r. T h is  was s ta n d a rd is e d  
a t  pH 7 w ith  a s o lu t io n  made up from  B urroughs ^Vellcome B u ffe r  S o lu tio n  
T a b le ts*
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B. Kinetic libcperiments
Réaction® wore c a r r ie d  o u t in  f l a s k s  p la c e d  in  a w a te r  
b a th  w hich was th o r m o s ta t ic a l ly  c o n t r o l le d  to  jh 0 . 05° .  The te m p e ra tu re  
o f th e  b a th  was 25°C on a n o n - s ta r^ a rd is e d  therm om eter.
A carbon  t e t r c h lo r i d e  s o lu t io n  (2 0  m l.)  o f  a p p ro p r ia te  
re a g e n ts  was allow ed to  come to  th erm al e q u il ib r iu m  in  th e  b a th .  A 
s o lu t io n  (2  m l , ) o f  th e  hydroxy compound in  carbon  t e t r a c h lo r id e  was 
added , th e  whole shaken and re p la c e d  in  th e  b a th .
Times w ere reco rd ed  from  a s to p -c lo c k  w hich ga in ed  l e s s  
th a n  1;wo m inu tes  i n  a d a y . The c lo c k  was s t a r t e d  when h a l f  o f  th e
Is o lu t io n  o f  hydroxy compound had been  added . Samples (2  m l.)  w ere
%
removed and shaken w i th , |  u s u a l ly ,  s a tu r a te d  aqueous p o ta ss iu m
I
b ic a rb o n a te  (5  m l.)  to  p^revent any f u r t h e r  r e a c t io n .  Ih e  tim e when 
sh ak in g  was begun was r f o r d e d  to  th e  n e a r e s t  f iv e  sec o n d s .
A f te r  sh ak in g  th e  o rg an ic  l a y e r  was s e p a ra te d ,  d r ie d  o v er 
magnesium s u lp h a te ,  f i l t e r e d  and i t s  in f r a r e d  spectrum  exam ined,
C. I n f r a r e d  S p e c tra
A ll in f r a r e d  s p e c t r a  were re co rd e d  on a  P e rk in  Elmer 
ÎSodol 137 In f ra c o rd  w ith  th e  s l i t  o v e r r id e  c o n tro l  s e t  a t  2 5 *
B alanced 1 mm. sodium c h lo r id e  c e l l s  were u sed , one c o n ta in in g  th e  
s o lu t io n  to  be examined and th e  o th o r ,  th e  r e fe r e n c e  c o l l ,  c o n ta in in g  
ca rb o n  t e t r a c h l  o r id e
B. Method o f  A n a ly s is
A sam ple co u ld  n o rm ally  c o n ta in  u n re a c te d  hydroxy compound, 
u n re a c te d  a c e ty l  t r i f l u o r o a c e t a t o ,  a c e t i c  and t r i f l u o r o a c o t i c  e s t e r s
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and  a c e t i c  and t r i f l u o r o a c e t i c  a c id s*  S haking  w ith  aqueous a l k a l i  
w i l l  remove a l l  th e s e  m a te r ia ls  e x c e p t th e  e s t e r s  and th e  hydroxy  compound, 
An in f r a r e d  spec trum  o f  a washed sam ple w i l l  th u s  show peaks due t o  th e s e  
th r e e  compounds # The m ost p rom inen t peaks w i l l  be e s t e r  c a rb o n y l 
s t r e t c h in g  p e ak s , one f o r  each  e s t e r ,  a t  a b o u t 1800 cmT^^ These peaks 
w ere u sed  t o  e s t im a te  th e  c o n c e n tra t io n s  o f  th e  two e s t e r s  (53)*
Samples n o rm a lly  c o n ta in e d  th e  a c e ta te  and th e  t r i f l u o r o -  
a c e ta t e  o f  th e  hydroxy compound used* The c a rb o n y l peaks due t o  th e s e  
-two e s t e r s  a r e  s e p a ra te d  by  ab o u t 40 cmT^ w hich i s  j u s t  s u f f i c i e n t  t o  
e n a b le  th e  e s t im a t io n  t o  be c a r r i e d  out*
T his m ethod o f  a n a ly s is  depends upon th e r e  b e in g  n e g l ig a b le  
a b s o rp t io n  i n  th e  c a rb o n y l r e g io n  due t o  s u b s ta n c e s  o th e r  th a n  th e  
e s t e r s .  The hydroxy  compounds u sed  do n o t  a b so rb  s t r o n g ly  in  t h i s  
r e g io n  and c o n se q u e n tly  need  n o t be c o m p le te ly  rem oved. A nhydrides 
and  a c id s ,  how ever, have a  s tro n g  c a rb o n y l a b s o rp t io n  and i t  i s  
im p o rta n t t h a t  th e y  a re  e f f i c i e n t l y  removed*
E x p e r in a n ts  were c a r r i e d  o u t to  d e term in e  th e  p e r io d  o f  
sh ak in g  needed  t o  red u ce  a b s o rp t io n  due t o  an h y d rid e s  and  a c id s  i n  th e  
c a rb o n y l r e g io n  t o  a  n e g lig a b le  amount* These ex p e rim e n ts  showed t h a t :  
Shaking  w ith  w a te r  (5  m l.)  f o r  one m inute  i s  s u f f i c i e n t  f o r  s o lu t io n s  
up t o  0*04 M i n  a c e t y l  t r i f l u o r o a c e t a t e .
Shaking  w ith  s a tu r a te d  aqueous p o ta ss iu m  b ic a rb o n a te  (5  m l.)  f o r  30 
seconds i s  s u f f i c i e n t  f o r  s o lu t io n s u p  to  0*2 M i n  a c e ty l  
t r i f l u o r o a c e t a t e  and sh ak in g  f o r  one m inu te  i s  s u f f i c i e n t  
f o r  s o lu t io n s  up t o  a t  l e a s t  0 .5  M.
A l l  th e  b u f f e r  s o lu t io n s  a re  a t  l e a s t  a s  e f f i c i e n t  a s  w ate r*
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Samples w ere n o rm a lly  w ash ed 'w ith  s a tu r a te d  aqueous 
p o ta ss iu m  b ic a rb o n a te  f o r  an a p p ro p r ia te  p e r io d .  W ater and th e  
b u f f e r  s o lu t io n s  wore o n ly  used in  s p e c ia l  o a s e s .
E. A n a ly s is  o f  p -  C hlorophenyl E a te r s *
N early  a l l  th e  k i n e t i c  ex p erim en ts  w ere done u s in g  an 
i n i t i a l  hydroxy compound m o la r i ty  o f  0 .0 1 . I t  was found t h a t  sam ples 
from  r e a c t io n s  w ith  2 . “* ch lo ro p h en o l u s u a l ly  c o n ta in e d  b o th  th e  a c e t a t e  
and th e  t r i f l u o r o a c e t a t e  w ith  a  t o t a l  e s t e r  m o la r i ty  eq u a l to  th e  
i n i t i a l  2  "" ch lo ro p h en o l m o la r i ty  (O .O l) . C ohsequen tl) th e  In f r a c o rd  
was c a l ib r a te d  w ith  known e s t e r  s o lu t io n s  o f  t h i s  t o t a l  m o la r i ty .
Such mixed s o lu t io n s  do n o t obey B e e r 's  Law b u t a  p l o t  o f  t r a n s m is s io n  
a g a in s t  m o la r i ty  f o r  th e  ca rb o n y l peak o f  each e s t e r  g iv e s  a  smooth 
cu rv e  w ith  e r r o r s  in  t r a n s m is s io n  n o t ex ceed in g  ^  0 .0 1 .
In  o rd e r  to  chock th e  a n a ly s is  p ro c e d u re , s o lu t io n s  o f  th e  
two e s t e r s ,  o f  t o t a l  m o la r i ty  0 .0 1 , were t r e a te d  w ith  a c e ty l  t r i f l u o e o -  
a c e t a t e  ( C .088m), sam ples w ithdraw n ( e ig h t  in  th e  f i r s t  h a l f  ho u r and 
one a f t e r  tw enty  fo u r  h o u rs)  and a n a ly sed  f o r  e s t e r s .  T h is was done 
u s in g  th e  fo llo w in g  e s t e r  m o la r i t i e s :
R ea c tio n  îîumbor A c e ta te T r i f lu o r o a c e ta te
M o la r ity M o la r ity
1 0.0024 0.0079  ^
2 .0048 • 0043
3 .0085 .0022
I t  was found th a t in  a l l  c a se s th e  V i r ia t io n
tra n s m is s io n  o f th e  ca rb o n y l peaks was n o t g r e a te r  th an  + 0 .0 2 .
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The av erag e  v a lu e  o f  th e  t ra n s m is s io n , how ever, was alw ays l e s s  th a n  
t h a t  ex p ec ted  from th e  cu rv es  c o n s tru c te d  above . The m agnitude o f  
t h i s  lo s s  in  tra n s m is s io n  w as:
R eac tio n  Nuraber Loss f o r  th e  Loss f o r  th e
A c e ta te  T r i f lu o r o a c e ta te
1 0 .025  0 .015
2 .015  .015
3 .010  .0 3 0
In  o rd e r  to  a llo w  f o r  t h i s  e f f e c t  th e  c u rv e s  a l r e a d y  
drawn v/ere m o d ified  by d e c re a s in g  th e  tra n s m is s io n  v a lu e s  by O.025  
up to  an  e a t e r  m o la r i ty  o f  0 . 003 , and by 0 . 015 a t  h ig h e r  m o l a r i t i e s .  
The f i n a l  c a l i b r a t i o n  cu rve  f o r  2  “* ch lo ro p h en y l acetatsj^given in  
F ig . 1 cu rve  one.
The e r r o r  in v o lv ed  in  th e  method o f a n a ly s i s ,  a s  s ta t e d  
above, i s  0 .0 2  in  t ra n s m is s io n  v a lu e s .  The c o rre sp o n d in g  e r r o r  
i n  m o la r i ty ,  f o r  e i t h e r  e s t e r ,  i s  g iv e n  in  th e  fo llo w in g  t a b l e .
E s te r  m o la r i ty :  0 .0010 ; *0020; .0030$ .OO4O5 .0060; *0080; .0100
E r ro r  in  e a t e r
m o la r i ty :  +0 . 0002 ; .0003; .0003 ; .0003; .0004; . 0005 ; .0006
jC E r ro r  in  e s t e r
m o la r i ty :  _+20 I 5 10 8 7 6 6
K in e t ic  ex p erim en ts  w ere a ls o  done u s in g  i n i t i a l  
2  -  ch lo ro p h en o l m o la r i t i e s  o f 0 .0 2  and 0 . 005 .  In  th e  fo rm er ca se  
sam ples w ere d i l u t e d  by a  f a c t o r  o f  tw o, to  g iv e  s o lu t io n s  o f  t o t a l  
e s t e r  m o la r i ty  0 .0 1 , and th e  norm al o a lib f^ ^ tio n  used® In  th e  l a t t e r  
caao  a c a l i b r a t i o n  cu rv e  ( P ig .  1 , cu rv e  th r e e )  was in t e r p o la te d
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betw een th e  norm al c a l i b r a t i o n  cu rve (cu rv e  one) and th e  B e e r 's  Law 
p l o t  f o r  2  -  ch lo ro p h en y l a c e ta t e  a lo n e  (cu rv e  two -  see  b e lo w )#
F t  F u r th e r  P re lim in a ry  i^^ork on p -  C h lo ropheno l
^jfhile check ing  th e  m ethod o f  a n a ly s is  i t  has been shown 
t h a t  th e r e  i s  n e g lig a b le  r e a c t io n  betw een a c e ty l  t r i f l u o r o a c e t a t e  and 
£  •  c h lo ro p h e n y l a c e ta te  and t r i f l u o r o a c e t a t e  o ver a  p e r io d  o f  tw e n ty -  
f o u r  h o u rs .  The follo%ving system s were a l s o  found to  g iv e  n e g l ig a b le  
r e a c t io n  over a  s im i la r  p e r io d :
2  -  c h lo ro p h e n y l e s t e r s  (each  0*005 M); a c e ty l  t r i f l u o r o a c e t a t e  ( O .l  M);
a c e t i c  a c id  ( 0 .1  M).
2  -  ch lo ro p h e n y l e s t e r s  (each  0 .0 0 5  M); a c e ty l  t r i f l u o r o a c e t a t e  ( 0 .1  M);
t r i f l u o r o a c e t i c  a c id  ( 0 .1  M).
2  -  ch lo ro p h e n o l (0 .0 1  M) ; t r i f l u o r o a c e t i c  a c id  ( 0 .1  M).
£  -  c h lo ro p h e n o l (O .O l M); a c e t i c  a c id  ( 0 .1  M ).
The r e a c t io n  betw een £  -  c h lo ro p h en o l (0 .0 1  M) and a c e ty l  
t r i f l u o r o a c e t a t e  ( 0 .1  M) was a l s o  fo llo w e d  by in f r a r e d  sp e c tro sc o p y  
o f  th e  r e a c t in g  s o lu t io n .  T h is  showed t h a t  th e r e  was no change in  
th e  main b u lk  o f  th e  a c e ty l  t r i f l u o r o a c e t a t e  d u rin g  th e  r e a c t i o n .
G. A n a ly s is  o f  P heny l A c e ta te s
Sam ples from  r e a c t io n s  ^wlth a l l  th e  p h en o ls  s tu d ie d  
c o n ta in e d  b o th  a c e ta te  and t r i f l u o r o a c e t a t e  id .th  a  t o t a l  e s t e r  
m o la r i ty  o f  th e  same o rd e r  a s  th e  i n i t i a l  pheno l m o la r i ty .  I n  th e  
c a s e s  o f  £  -  c h lo ro p h e n o l and p h en o l i t s e l f  i t  was found  (s e e  below) 
t h a t  th e  t r i f l u o r o a c e t i c  e s t e r  was form ed d u rin g  th e  a n a ly s i s ,  t h i s  
r e s u l t  was assumed t o  ap p ly  i n  a l l  c a s e s .  C o n seq u en tly  i t  i s  n o t  
n e c e s s a ry  t o  know i t s  c o n c e n tra t io n  in  o rd e r  t o  s tu d y  th e  r e a c t io n
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o c c u r r in g  b e fo re  th e  sam ple i s  removed* I t s  p re s e n c e , how ever, d o es 
i n t e r f e r e  w ith  e s t im a tio n  o f  th e  a c e t a t e .  In  th e  c a s e  o f  £  -  c h lo ro ­
p h e n o l, which was s tu d ie d  more th a n  any o th e r  p h e n o l, f u l l  a llo w an ce  
was made f o r  t h i s  ( s e e  ab o v e). O thor p h en o ls  were s tu d ie d  in  o rd e r  
to  o b ta in  a com parison w ith  £  -  c h lo ro p h e n o l. I t  was th e r e f o r e  d ec id ed  
t h a t  i t  would be p e rm is sa b le  to  ig n o re  th e  p re se n c e  o f  th e  t r i f l u o r o -  
a c e ta to  a s  lo n g  a s  t h i s  was done in  a l l  c a s e s .
C a l ib r a t io n  was c a r r ie d  o u t u s in g  known s o lu t io n s  o f  th e  
pheny l a c e t a t e ,  B e e r 's  Law was assumed to  a p p ly , and an av e rag e  v a lu e  
o f  th e  o p t ic a l  d e n s i ty  o f a  m olar s o lu t io n  in  a  1 rma. c o l l  c a lc u la te d .  
T h is  v a lu e  o f th e  o p t ic a l  d e n s i ty  was th e n  used  to  c a l c u l a t e  th e  
m o la r i ty  in  a c e ta te  o f r e a c t io h  sam p les . T liis p ro ced u re  was c a r r ie d  
o u t f o r  a l l  th e  p h en o ls  used in c lu d in g  £  -  c h lo ro p h e n o l. In  th e  
l a t t e r  c a s e ,  how ever, t h i s  c a l i b r a t i o n  was o n ly  used  when a  com parison  
was to  be made w ith  o th e r  p h e n o ls .
V alues o f th e  o p t ic a l  d e n s i t i e s  o f  m olar s o lu t io n s  in  a 
1 ram. c e l l  a r e :
A c e ta te O p tic a l ]
Phenyl 50
£  -  C hlorophenyl 54
ra -  C hlorophenyl 55
£  -  C hlorophenyl 54
£  -  T o ly l 49
m ~ T o ly l 49
£  -  T o ly l 52
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A ce ta te
£  -  M ethoxyphenyl 
m -  M ethozyphenyl 
£  -  H othoxyphenyl 
o -  N itro p h en y l
O p tic a l D e n s ity
54
47
51
54
I t  was assumed in  a l l  c a s e s ,  a s  was foxincL to  be th e  c a se  
w ith  £  -  c h lo ro p h e n o l, t h a t  th e r e  i s  n e g l ig a b le  r e a c t io n  betw een: 
th e  pheny l e s t e r s  and a c e ty l  t r i f l u o r o a c e t a t e ,  w ith  
o r  w ith o u t a c e t i c  and t r i f l u o r o a c e t i c  a c id s ,  
th e  pheno l and a c e t i c  and t r i f l u o r o a c e t i c  ac id s»
A n a ly s is  o f Phenyl T r i f lu o r o a c e ta te
The In f ra c o rd  was a ls o  c a l ib r a t e d  w ith  known s o lu t io n s  
o f  p hsny l t r i f l u o r o a c e t a t e  # The a b s o rp tio n  o f  th e  ca rb o n y l pealc 
obeys B e e r 's  Law, th e  av erag e  v a lu e  o f th e  o p t ic a l  d e n s i ty  o f  a 
m o lar s o lu t io n  in  a 1 m m .cell b e in g  6 4 # T liis v a lu e  was used  to  
c a lc u la t e  th e  m o la r i ty  i n  pheny l t r i f l u o r o a c e t a t e  o f sam ples con­
t a in in g  l i t t l e  o r  no a c e ta te  w hich w ere o b ta in e d  d u r in g  th e  i n v e s t i ­
g a t io n  o f  th e  method o f  a n a ly s is  ( s e e  be low ).
I .  A n a ly s is  o f  I so p ro p y l E s te r s
In  th e  r e a c t io n s  w ith  iso p ro p a n o l bo th  e s t e r s  a r c  foimied 
d u r in g  th e  r e a c t io n ,  th e  r a t i o  betw een t h e i r  c o n c e n tra t io n s  b e in g  
c o n s ta n t  d u r in g  a  r e a c t io n  ( s e e  b e lo w ). C a l ib r a t io n  was c a r r i e d
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o u t u s in g  known mixed e s t e r  s o lu t io n s  f o r  w hich th e  a v e rag e  r a t i o  
o f  t r i f l u o r o a c e t a t e  to  a c e ta t e  m o la r i ty  was 4*5« The av e rag e  v a lu e  o f  
t h i s  r a t i o  over a l l  th e  r e a c t io n s  w ith  Iso p ro p a n o l i s  4*1•
B e e r 's  Law was assumed to  h o ld  f o r  each  e s t e r  and an 
a v e rag e  v a lu e  o f  th e  o p t ic a l  d e n s i ty  o f  a  m olar s o lu t io n  in  a  1 im* 
c e l l  was c a lc u la t e d .  The r e s u l t s  a r e ;
, . * E s te r  O p tic a l d e n s i ty
Iso p ro p y l a c e ta te  66
Iso p ro p y l t r i f l u o r o a c e t a t e  , 65 ,
These v a lu e s  w e r e 't h e n  Used t o  c a l c u l a t e  th e  c o n c e n t r a t io n  
o f  e a c h  e s t e r  i n  th e  r e a c t io h  s a m p le s . - -
As a check on th e  method o f  a n a ly s is  known c o n c e n tr a t io n s  
o f e s t e r s  were t r e a t e d  f o r  one hour w ith  a c e ty l  t r i f l u o r o a c e t a t e  ( 0 .0 6  M 
and t r i f l u o r o a c o t i c  a c id  (O .l  M). Sam ples removed and an a ly sed  d u r in g  
t h i s  p e r io d  showed no changes i n  e s t o r  ca rb o n y l peak  a b s o rp tio n s  beyond 
a  random v a r i a t io n  o f  + 0 .0 2 . The e r r o r s  in  t h i s  a n a ly s is  a r e  th e r e f o r e  
s im i l a r  to  th o se  in  th e  a n a ly s is  o f  £  -  ch lo ro p h en y l e s t e r s  ( s e e (h o v e ) .
J .  F u r t h e r  F r o l im in a r y  W ork on Is o p r o p a n o l
I t  was found th a t  iso p ro p a n o l (O .O l M) and a c e t i c  a c id  
( 0*09 m) g iv e  a  n e g l ig a b le  amount o f a c e ta te  o v er a  p e r io d  o f  one 
h o u r .
Iso p ro p a n o l (O .Ol H) and t r i f l u o r o a c o t i c  a c id  (O .l  M), 
how ever, g iv e  a m easu rab le  amount o f  t r i f l u o r o a c e t a t e  in  one h o u r .
The r e s u l t s  o f  such a r e a c t io n  a r e ;
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Time in  m in u tes  M o la r i ty  in  t r i f l u o r o a c e t a t e
15 0.0002
30 4
45 6
60 '  8
S ince t r i f l u o r o a c e t i c  a c id  (up to  0 .1  M) was added to  
th e  iso p ro p a n o l r e a c t io n s  some t r i f l u o r o a c e t a t e  w i l l  be form ed by 
r e a c t io n  w ith  th e  a c id .  However m ost o f  th e  a lc o h o l r e a c t s  w ith  th e  
a c e ty l  t r i f l u o r o a c e t a t e  p re s e n t  i n  15 m in u tes  ( s e e  below ) and th e  
amount o f t r i f l u o r o a c e t a t e  foriiied by r e a c t io n  w ith  t r i f l u o r o a c e t i c  
a c id  i s  th e r e f o r e  n e g l ig a b le .  , . - *
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SECTION I I I  RESULTS
A. S tu d y  o f  th e  M ethod  o f  A n a ly s is
In  g e n e ra l ,  ae has been  d e s c r ib e d ,  r e a c t io n  sam ples w ere 
t r e a t e d  w ith  s a tu r a te d  aqueous p o tass iu m  b ic a rb o n a te  s o lu t io n  to  
remove a c id s  and an h y d rid es  b e fo re  e s t im a t in g  th e  e s t e r s  p r e s e n t .
When t h i s  p ro ced u re  i s  used f o r  r e a c t io n s  betv/een a c e ty l  t r i f l u o r o a c e t a t e  
and iso p ro p a n o l th e  c o n c e n tr a t io n s  o f e s to r e  found in  th e  sam ples 
in c re a s e  s t e a d i l y  v /ith  tim e . For exam ple, th e  fo llo w in g  r e s u ] .ts  were 
o b ta in ed  f o r  r e a c t io n  etw een a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 4 7  M) and 
iso p ro p a n o l (0 .0 0 9 9  M).
Time in  seco n d s: 55 115 180 240 300 360 460 570 24 h o u rs
M o la r i ty  i n  a c e t a t e  x lO ^: 4 8 10 12 14 ,6 19 21 29
M o la r ity  in  .
t r i f l u o r o a c e t a t e  x lO ^: 10 15 21 27 32 36 40 47 71
T o ta l e s t e r  m o la r i ty  zio"^: 14 23 31 39 46 52 59 68 100
In  th e se  r e a c t io n s  th e r e  i s  no re a so n  to  suppose t h a t  th e  
e s t e r  c o n te n t o f  th e  sam ples d i f f e r s  a p p re c ia b ly  from th a t  o f  th e  
r e a c t io n  m ix tu re  a t  th e  tim e th e  samploa wore rem oved.
The e s t e r  c o n c e n tra t io n  in  sam ples from  r e a c t io n s  betw een 
a c e ty l  t r i f l u o r o a c e t a t e  and £  -  ch lo ro p h en o l v a ry  w ith  tim e in  a 
d i f f e r e n t  way. Thus f o r  a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 8 6  M) and 
£  ~ ch lo ro p h en o l ( 0 . 0097) th e  fo llo w in g  r e s u l t s  were o b ta in ed ?
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Time in  seco n d s; 85 96O 1205 I 440 1695 2630 24OO 2745 24 h o u rs
M o la r i ty  i n  a c e ta te  x io '^ t î î i i  16 20 2? 31 37 42 49 97
M o la r ity  in
t r i f l u o r o a c e t a t e  x lO ^j 90 74 69 68 63 56 54 48 N il
T o ta l e s t e r  m o la r i ty  xlO^z 90 90 89 93 94 93 96 97 97
There i s  an im m ediate h ig h  y ie ld  o f  t r i f l u o r o a c e t a t e ,  th e  
m o la r i ty  in  t r i f l u o r o a c e t a t e  th e n  f a l l s  a s  th e  a c e ta t e  m o la r i ty  in c r e a s e s ,  
th e  t o t a l  e s t e r  c o n c e n tra t io n  rem ain in g  n e a r ly  c o n s ta n t  a t  ab o u t th e  
i n i t i a l  phenol c o n c e n tr a t io n .  T h is  p a t t e r n  p e r s i s t s  i f  t r i f l u o r o a c e t i c  
a c id  i s  added and i f  th e  an h y d rid e  c o n c e n tra t io n  i s  v a r ie d .  A t low 
an h y d rid e  c o n c e n tr a t io n s  (below  0 .O.O5 M) however th e re  i s  a f a l l  in  
th e  t r i f l u o r o a c e t a t e  c o n c e n tr a t io n .
S ince  i t  has a l r e a d y  been e s ta b l is h e d  ( i n  th e  ex p e rim e n ta l 
H e c tio n )  t h a t  th e r e  i s  no in to rc o n v e rs io n  o f  e s t e r s  u n d er th e  c o n d it io n s  
used  h e r e ,  th e  t r i f l u o r o a c e t a t e  must be formed d u r in g  th e  a n a ly s i s .
R ea c tio n  m ix tu re s  w ith  a low  (O .O l -  0 .0 2  m) c o n c e n tra t io n  
o f  an h y d rid e  w ere t r e a te d  w ith  v a r io u s  aqueous s o lu t io n s  and th e  
amount o f  t r i f l u o r o a c e t a t e  formed re c o rd e d . A ll th e  sam ples were 
removed soon a f t e r  making up th e  s o lu t io n  so  t h a t  n e g l ig ib le  r e a c t io n  
o cc u rre d  b e fo re  a n a ly s is  and no a c e ta te  appeared  in  th e  sam p les . The 
r e s u l t s  o f  th e s e  ex p erim en ts  a re  g iv en  in  T able I .
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t a b l e  I  -  N e u t r a l i s a t io n  o f  £  -  c h lo r o p h e n o l - a c e t y l  t r i f l u o r o a c e t a t e  
s o lu t io n s  w i t h  aqueous s o lu t io n s .
I n i t i a l I n i t i a l Aqueous phase used Pound m o la r i ty
£  -  ch lo ro p h en o l anhydride in  t r i f l u o r o a c e t a t e
m o la r i ty m o la r i ty
0.0093 0.0084 S a tu ra te d  aqueous 
b ic a rb o n a te
0.0055
0.0087 0.021 W ater
1
N il
It It N^  P o tass iu m  b ic a rb o n a te 0.0005
II II
'■
IT^  P o tassiu m  c a rb o n a te * 0 0 7 9
It It
■
Sodium h y d ro x id e .0617
It t l N Sodium a c e ta t e
x U
N il
Tl If N^  Sodium t r i f l u o r o a c e t a t e N il
Thus th e  p re sen ce  o f a  base  in  th e  aqueous phase  i s  
n e c e s sa ry  f o r  th e  fo rm a tio n  o f  th e  t r i f lu o r o a c e ta te *
I 'U rth er work on t h i s  s u b je c t  was c a r r ie d  o u t w ith  phenol*
\
The e s t e r  c o n té n t o f  sam ples was e s tim a te d  u s in g  th e  c a l i b r a t i o n  cu rv es  
f o r  phenyl a c e ta t e  a lo n e  and f o r  phenyl t r i f l u o r o a c e t a t e  alone*
A carb o n  t e t r a c h lo r id e  s o lu t io n  (2  m l*) o f  phenol (0*01 M) 
p lu s  a c e ty l  t r i f l u o r o a c e t a t e  ( c .0 .1  M) on sh a k in g , im m ed ia te ly  a f t e r  
p r e p a r a t io n ,  w ith  s a tu r a te d  aqueous b ic a rb o n a te  (5  m l.)  g iv e s  a h ig h  
y ie ld  o f  th e  t r i f l u o r o a c e t a t e ,  a s  does £  -  c h lo ro p h e n o l. The r e s u l t s
g iv e n  in  T able 2 w ere o b ta in e d  u s in g  a  d i l u t e  (0 .0 2 0  M) ca rb o n  t e t r a ­
c h lo r id e  s o lu t io n  o f  a c e ty l  t r i f l u o r o a c e t a t e  and v a r io u s  aqueous p h a se s .
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TABLE 2 -  N e u t r a l i s a t io n  o f  a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 2  m) in  carbon
t e t r a c h l o r i d e  w ith  aqueous s o lu t io n s  in  th e  p re sen ce  o f phenol*
M o la r ity  in  
pheno l o f  th e  
carb o n  t e t r a -
G om position 
o f  th e
Found m o la r i ty
pH o f  th o  iKJ
aqueous phase  t r i f l u o r o -
c h lo r id e  phase aqueous phase i n i t i a l f i n a l  la o c ta te a c e ta te
0*0094 W ater 5 .70 I2 .20
i
1 N il 1 N il
N il 0 .0042  M phenol 5 .7 0 I2 . 2O
I
1 N il i N il
0 .0094 Borax b u f f e r ,  pE 6 6 .15 I5 .O51
Î
! H il N il
N il As above p lu s  
0 .0 4 2  M phenol
6 .1 5 15.05 j n i lI
i
N il
0.0094 Borax b u f f e r ,  pH 7 7 .0 5 6 .5 5 1 N il N il
N il As above p lu s  
0 .0042  M phenol
7 .0 5 j6 .5 5 1 N ili
1
N il j
1
. 0 .0094 Borax b u f f e r ,  pH 8 8 .1 0 7 .4 0 i 10 15 I
N il As above p lu s  
0 .0042  M phenol
8 .1 0 17.40 : 9 1
!
0 .0094 S a tu ra te d  KHCO^ 8 .7 0 |S .70
i
i _
iI
50 1
!
N il As above p lu s  
0 .0042  M phenol
8 .7 0
\
18.70
i
41 !
!
0.0094 Borax b u f f e r ,  pH 9 9 .1 0 18.85 ! 16 69 1
N il As above p lu s  
0 .0042  M phenol
9 .1 0 8 .8 5 I 17
\1
Ô9
0 .0094 Borax b u f f e r ,  pH 10 10 .10 9 .8 0 19 72
N il As above p lu s  
0.0042  M phenol
10 .10 9 .8 0 20 74 1
0.0094 Ammonia b u f f e r ,  pH 9 9 .1 0 8 .7 5 1; 1
1
N il As above p lu s  
0 .0042  M phenol
9 .1 0 8 .7 5 11
0 .0094 B ic a rb o n a te  b u ffe r ,p H  9 9 .1 0 8 .0 0 ' 10 19
N il Ag above p lu s  
0.^042  M phenol
9 .1 0 8 .0 0 13 16
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The y ie ld  o f  e s t e r s  i s  n o t g r e a t l y  in f lu e n c e d  by th e  
i n i t i a l  env ironm ent o f  th e  p h e n o l. The r e s u l t s  f o r  th e  b o rax  b u f fe r s  
and s a tu r a te d  p o tass iu m  b ic a rb o n a te  show th e  y ie ld  o f e s t e r s  to  
in c re a s e  a s  th o  pH in c r e a s e s .  However d i f f e r e n t  b u f f e r s  o f  th e  
same pH (pH 9 ) n o t g iv e  th e  same y ie ld  o f e s t e r s  and th e  bo rax  
and b ic a rb o n a te  b u f fe r s  g iv e  some a c e ta t e  which th e  ammonia b u f f e r  
and s a tu r a te d  b ic a rb o n a te  do n o t .
S a tu r a te d  p o ta s s iu m  b ic a r b o n a te  s o lu t io n  i s  a b o u t 2*5 M.
T his i s  2^- tim es th e  m o la r i ty  o f  th e  ammonia and b ic a rb o n a te  b u f f e r s  
and ab o u t 25 tim es  th e  m o la r i ty  o f  th e  bo rax  b u f f e r s .  T able 3 shows 
th e  r e s u l t s  o b ta in e d  u s in g  d i lu te d  s a tu r a te d  b ic a rb o n a te  s o lu t io n  (5  m l.)  
p lu s  a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 2 0  M) and phenol (0 .0 0 9 4  M) in  carbon  
t e t r a c h l o r i d e  (2  m l . ) .
TABLE 3 -  N e u t r a l i s a t io n  o f phenol -  a c e ty l  t r i f l u o r o a c e t a t e  s o lu t io n s  
w ith  aqueous p o ta ss iu m  b ic a rb o n a te  s o lu t io n s .
D i l u t i o n  f a c t o r  
f o r  th e  b
s a tu r a te d  b ic a i^ o n a te  
s o lu t io n
pH o f  th e  b ic a r ­
b o n a te  s o lu t io n :
i n i t i a l f i n a l
Pound m o l a r i t y  
( x lO ^ )  i n :  
a c e t a t e  t r i f l u o r o a c e t a t e
1 ( i . e .  n o t d i l u t e d )
2
5
10
25
50
8 .7 0
8 .7 0
8 .7 0
8 .7 0
8 .7 0
8 .7 0
8 .7 0  .
8 .7 0
8 .7 0
8 .5 5
8 .1 5
7 .6 0
N i l
N i l
T ra c e
10
T ra c e
N i l
50
44
37
21
T ra c e
N i l
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D is c u ss io n  o f  th e se  r e s u l t s  i s  d e f e r r e d .  Prom th e  
im m ediate , p r a c t i c a l  p o in t  o f  v iew  i t  has been  shown t h a t :
I f  r a c t io n  sam p les  a r e  t r e a t e d  w i t h  w a te r  th e  m easured  
e s t e r  c o n te n t  c o rre s p o n d s  t o  t h a t  o f  th e  r e a c t i o n  s o l u t i o n .
I f  r e a c t io n  sam ples a re  t r e a t e d  w ith  s a tu r a te d  b ic a rb o n a te  
s o lu t io n  e x t r a  t r i f l u o r o a c e t a t e  i s  formed i f  th e r e  i s  any u n re a c te d  
phenol p r e s e n t .  U nder th e s e  c o n d it io n s  o n ly  th e  a c e ta t e  c o n te n t o f  
th e  sam ple c o rre sp o n d s  to  th e  s t a t e  o f  th o re a c t in g  s o lu t io n .
These r e s u l t s  w i l l  be assumed to  a p p ly  to  a l l  th e  ph en o ls
u s e d .
B . C o m p ariso n  o f  th e  R a te s  o f  R e a c t io n  o f  V a r io u s  P h e n o ls  w i t h  
A c e t y l  T r i f l u o r o a c e t a t e .
Phenol and te n  s u b s t i tu te d  p h en o ls  ( c l ) .01 M) were re a c te d  
w ith  a c e ty l  t r i f l u o r o a c e t a t e  ( c .0 .0 9  M), Samples removed soon a f t e r  
th e  s t a r t  o f th e  r e a c t io n  alw ays c o n ta in e d  th e  t r i f l u o r o a c e t a t e .  As 
th e  In f ra c o rd  was n o t c a l ib r a t e d  f o r  a l l  th e  t r i f l u o r o a c e t a t e s  th e  
a c tu a l  y ie ld  co u ld  n o t be m easured. Com parison w ith  sam ples from 
£  -  ch lo ro p h en o l ex p erim en ts  how ever, showed th e  y ie ld  to  be v e ry  
ro u g h ly  100 f^>, e x c e p t f o r  £  -  c r e s o l ,  £  -  n i tro p h e n o l  and £  -  m ethoxy- 
p h e n o l. W ith th e s e  th # ee  th e  y ie ld  was c o n s id e ra b ly  l e s s .  As th e  
r e a c t io n  p roceeded  th e  t r i f l u o r o a c e t a t e  was g ra d u a lly  re p la c e d  by 
a c e ta t e  u n t i l  f i n a l l y  th e r e  was a 100% y ie ld  o f  a c e t a t e .  S ince  
th e  t r i f l u o r o a c e t a t e  was formed d u r in g  th e  a n a ly s is  i t  was n e g le c te d  
( s e e  a b o v e ) . The m o la r i ty  in  a c e ta t e  was feund by u se  o f th e  c a l i ­
b r a t io n s  f o r  th e  a c e ta te s  a lo n e .
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In  a l l  c a se s  tho  r a to  o f  ap p earan ce  o f  a c e t a t e ,  and 
th e r e fo r o  o f  th e  rem oval o f  p h e n o l, was f i r s t  o rd e r .  Two ex p erim en ts  
w ere done ?dth each p h e n o l. A f i r s t  o rd e r  c o n s ta n t was c a lc u la te d  
f o r  each sample removed betw een 20 and 80^i r e a c t io n  ( u s u a l ly  e ig h t  
in  each  e x p e r im e n t) , and th e s e  v a lu e s  averaged  over th e  two ru n s .
The e r r o r  in  th e  r e s u l t a n t  v a lu e  i s  o s tim a to d  a t  £  lO ÿ.
R e s u lts  o f  one p a i r  o f  ex p erim en ts  a re  g iv en  below  
fo llo w ed  by a summary o f th e  r e s u l t s  f o r  a l l  th e  p h en o ls  in  
T able 4*
R ea c tio n  betw een m -  m ethoxyphenol (0 .0 0 9 4  M) and a c e ty l  t r i f l u o r o ­
a c e ta t e  ( 0 .0 9 3  M) i n  carbon  t e t r a c h l o r i d e  a t  25° .
Experim ent One
Time in  seco n d s: 6OO 840 IO8O 1320 I 680 204P 2400 3000 24 h o u rs
M o la r i ty  in  .
a c e t a t e  xlO^s 26 35 42 48 58 64 _ 6? 73 92 '
kjxio '* in  3 o c ." ^ i  5 .4  5 .5  5 .5  5 .4  5*7 5*6 5 .2  5 .O -
E xperim ent Two
Time in  seconds* 540 715 9^0 1320 1675 2040 2400 3000 24 h o u rs  
M o la r i ty  in  .
a c e ta te  xlO ^: 28 31 41 51 59 66 71 74 91
X 10^ in  s e c .~ ^ * 6 .6  5*6 6 .0  5*9 5*9 5*9 5*9 5*2
A verage f i r s t  o rd e r  r a t e  c o n s ta n t*  5*6 x 10 ^ s e c .
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TABLE 4 -  R e a c t io n  b e tw e e n  A c e t y l  T r i f l u o r o a c e t a t e  and P h e n o ls  
(O .O l ll) in  c a rb o n  t e t r a c h l o r i d e  a t  2 5°.
P h e n o l I n i t i a l
a n h y d r id e
m o la r i t y
X lo'^ 
( boc.~ ^ )
L o ; k
£  -  m e th o x y - 0 .0 9 3 8 .9 4.949 -  0 .268 -  0 .175
£  -  m e t h y l - 0 .0 9 3 8 .5 .929 .170 .129
m -  m e t l iy l - 0 .093 7 .0 .845 .069 .069
p h e n o l 0 .093 5*9 .771 0 .000 0 .000
ra -  ra e th o x y - 0 .0 9 3 5 .6 .748 + 0 .1 1 5 + 0 .076
£  -  c h i o r 0- 0 .0 9 3 3 .8 .580 .226 .238
m -  c h lo r o - 0 .0 9 3 3 .1 .491 .373 .373
£  -  r a e th y l - 0 .091 2 .5
£  -  m e th o x y - 0.091 1 .5 5
£  - c h l o r o - 0 .091 1 .3 5 '
0 -  n i t r e - 0 .091 0 .0110
Tho v a lu e s  o f  th e  Hammett s u b s t i tu e n t  c o n s t a n t s , a r e  
th o se  quoted by Hino (6 2 ) and a r c  d e r iv e d  f r o u  th e  i o n i s a t io n  
c o n s ta n ts  o f  b en zo ic  ac id s*  The ’’n o rm al” s u b s t i tu e n t  c o n s ta n ts ,  
5 “* ,^ a re  th o se  c a lc u la te d  by van  Bekkum, V eikade and y /epster ( 6 3 ) .
Log k , i s  p lo t te d  a g a in à t  6" and in  F i g .  2 . The 
v a lu e  o f  th e  r e a c t io n  c o n s ta n t ,  p  , m easured from th e  ’’b e s t  s t r a i g h t  
l i n e s ” i s ;
- 0 .8 4  u s in g  6 " ,
- 0 .8 6  u s in g
— 60 —
C. D e te rm in a tio n  o f th e  D en te rium  Iso to p e  E f fe c t  w ith  Phenol -  d
A cety l t r i f l u o r o a c e t a t e  (0*102 m) was re a c te d  w ith  phenol 
( 0*0093 M) in  carbon  t e t r a c h l o r i d e  a t  25° .  The av e rag e  v a lu e  o f th e  
f i r s t  o rd e r  r a t e  c o n s ta n t  f o r  th e  d isa p p e a ra n c e  o f  p h e n o l, c a lc u la te d  
as  b e fo re ,  was 6 .2  x 10“ ^ s o c .* ^ .  A s im i la r  ex p erim en t was done u s in g  
p h e n o l, th e  hydroxy l group o f  w hich was 76^  d e u te r a te d .  U sing  th e  
r a t e  c o n s ta n t  f o r  pheno l d e te rm in ed  above, i t  was p o s s ib le  to  c a lc u ­
l a t e  th e  m o la r i ty  o f  a c e ta t e  a t  any tim e r e s u l t i n g  from  r e a c t io n  o f  \ 
th e  n o n -d e u te ra te d  phenol p r o s e n t .  T h is  was th e n  s u b b tra c te d  from  
th e  observed  a c e ta te  m o la r i ty  to  g iv e  th e  m o la r i ty  i n  a c e ta te  formed 
from th e  d e u te r a te d  p h e n o l. From th e s e  l a t t e r  v a lu e s  th e  f i r s t  o rd e r  
r a t e  c o n s ta n t  f o r  co m p lo to ly  d e u te r a te d  phenol was c a lc u la te d .  The 
r e s u l t s  a r e  g iv e n  below .
R ea c tio n  betw een 76 /i d e u te r a te d  phenol (0 .0 0 9 4  M) and a c e ty l  
t r i f l u o r o a c e t a t e  (0 .1 0 2  M) in  carbon  t e t r a c h l o r i d e  a t  25° .
Experim ent One
Time i n  seconds* 360 46O 660 9OO 1200 I 56O I 98O 246O
T o ta l a c e ta te  . 
m o la r i ty  x  10^: I 8 23 29 37 45 55 63 68
A c e ta te  from phenol
xlO^; 5 6 8 10 12 14 16 I 8
A c e ta te  from  .
p h en o l-d  X 10^: 13 17 21 2? 33 41 47 50
4 -1  k xlO in  s e c .
f o r  pheno l-d*  5*6 5*7 5*3 5*3 5*1 5*4 5*4 4*9
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lîb c p e rip o n t Two
Time in  seconds* 420 600 840 1140 1500 1920 2400 3000
T o ta l a c e t a t e . 
m o la r i ty  xlO t 20 25 33 42 51 59 68 74
A c e ta te  from  
phenol xlO  : 5 7 9 12 14 15 18 19
A c e ta te  from  > 
p h en o l-d  xlO  : 15 18 24 30 37 44 50 55
k .  xlO^ in  s e c .”*^  
f o r  p h en o l-d  % 5*3 4 .9 4*9 4*6 4 .8 5*0 5 .0 4 .9
Average f i r s t  o rd e r  r a t e  c o n s ta n t  f o r  pheno l-d*  5*1 xlO^^aeo."*^ 
The r a t i o  o f  th e  r a t e s  f o r  phenol and d e u te ra te d  pheno l i s
th e re fo re *
H =* 6 #2 St 1 #2
S  5 .1
D$ R e a c t io n  B e tw een  p -  C h lo ro p h e n o l and  A p e t y l  T r i f l u o r o a c e t a t e  
w i t h  a nd w i t h o u t  added T r i f l u o r o a c e t i c  A ç jd .
S ev e ra l s e r i e a  o f r e a c t io n s  were done u s in g  £  -  ch lo ro p h en o l*
£  -  c h lo ro p h en o l (O .O l m) was re a c te d  w ith  a c e ty l  t r i f l u o r o a c e t a t e  
(0*02 -  0#4 M) in  th e  absence  o f  added t r i f l u o r o a c e t i c  ac id*  
a c e ty l  t r i f l u o r o a c e t a t e  (O .l  M) was r e a c te d  w ith  £  -  ch lo ro p h en o l 
( 0 *005 , *01 and .02  m) in  th e  absence  o f  added t r i f l u o r o a c e t i c  a c id :
£  -  ch lo ro p h en o l (O .O l m) was r e a c te d  w ith  a c e t y l  t r i f l u o r o a c e t a t e  
( 0 . 0 5 , .09  and .1 2  M) in  th e  p re se n c e  o f  added t r i f l u o r o a c e t i c  a c id  
(u p  to  0 .1  M).
/
In f r a r e d  s p e c t r 01 showed th e r e  was n e g l ig ib le  r e a c t io n  
betw een a c e ty l  t r i f l u o r o a c e t a t e  and t r i f l u o r o a c e t i c  a c id .  That i s  
th e  eq u ilib riu m *
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G H ,.C O .O .C O .C Î\+ C P ^ .C O o H  = 1  ^ CP^.C O .O .C O .C P .+C H ^C O ^H  3 3 3 2  \  3 3 3 2
s t r o n g ly  fa v o u rs  th e  l o f t  hand s id e  ( 8 ) .
In  a l l  c a se s  th e  r e a c t io n  w ith  £  -  c h lo ro p h en o l gave o n ly  
th e  a c e ta t e  a lth o u g h  th e  t r i f l u o r o a c e t a t e  a ls o  appeared  in  th e  sam ples 
due to  tre a tm e n t  w ith  aqueous a l k a l i  ( s e e  ab o v e ) . The t o t a l  y ie ld  o f 
th e  two e s t e r s  in  each  sam ple was abou t 100^ ex cep t when th e  an h y d rid e  
c o n c e n tr a t io n  was below  ab o u t 0 .0 5  M. In  a l l  c a s e s  th e  f i n a l  y ie ld  was 
n e a r ly  100^ o f  th e  a c e t a t e .
I n i t i a l l y  th e  r e s u l t s  o f  a l l  th e s e  ex p erim en ts  w ere used  to  
ca lcv 0 .a te  a  f i r s t  o rd e r  r a t e  c o n s ta n t f o r  th e  ap p earan ce  o f  £  -  
ch lo ro p h en y l a c e t a t e  o r th e  d isa p p e a ra n c e  o f  £  -  c h lo ro p h e n o l. A 
c o n s ta n t  was c e l o u ia te d  f o r  each  sample removed betw een 20 and 80ÿ 
r e a c t io n  from  a p a i r  o f  i d e n t i c a l  e x p e r im e n ts . These v a lu e s  were th e n  
av e ra g e d . The r e s u l t s  o f  t h i s  p ro c e ss  w e r e - s a t i s f a c to r y  in  th e  ca se  
o f  th e  r e a c t io n s  w ith  added a c id  b u t i n  th e  o th e r  c a s e s  th e  f i r s t  
o rd e r  c o n s ta n ts  showed a ten d en cy  to  in c r e a s e  s l i g h t l y  d u r in g  an 
ex p e rim en t. A lso a p lo t  o f  th e  f i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  a 
s e r i e s  o f r e a c t io n s  w ith  added a c id  b u t c o n s ta n t  £  -  ch lo ro p h en o l 
and a c e ty l  t r i f l u o r o a c e t a t e  m o la r i t i e s  showed th e  r e a c t io n  to  be 
c a ta ly s e d  by t r i f l u o r o a c e t i c  a c id .  Such a p lo t  i s  shownin P ig . 3 .
Tho f i r s t  o rd e r  r a t e  c o n s ta n ts  a re  p lo t te d  a g a in s t  th e  av e rag e  a c id  
m o la r i ty  d u r in g  th e  r e a c t io n .  S in ce  t r i f l u o r o a c e t i c  a c id  i s  produced 
d u r in g  th e  r e a c t io n ,  th e  av e rag e  a c id  m o la r i ty  i s  eq u a l to  th e  i n i t i a l  
a c id  m o la r i ty  p lu s  h a l f  th e  i n i t i a l  £  -  c h lo ro p h en o l m o la r i ty .
S in ce  th e  r e a c t io n  i s  c a ta ly s e d  by t r i f l u o r o a c o t i c  a c id
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and t h i s  i s  produced d u r in g  th e  r e a c t io n  i t  w i l l  n o t be expected
to  be f i r s t  o rd e r  e x c e p t in  th o se  c a se s  w here s u f f i c i e n t  a c id  i s
added to  r e n d e r  th e  change in  a c id  m o la r i ty  d u r in g  th e  r e a c t io n
n e g l ig ib l e .  C le a r ly  th e  m ost im p o rta n t d e v ia t io n s  from  f i r s t  o rd e r
k i n e t i c s  w i l l  be f o r  th e  r e a c t io n s  w ith  no added a c id .
In  o rd e r  to  d e a l  w ith  t h i s  s i t u a t i o n  i s  was assumed th a t  th e
r a t e  o f  r e a c t io n  i s  g iv en  by:
Rato -  k  (PCP) + k ,  ( p o p ) (TFA)
O A
w here: PC? =: £  -  ch lo ro p h en o l
WA « t r i f l u o r o a c e t i c  a c id  
T h is  assum es t h a t  th e r e  i s  no a p p re c ia b le  change in  an h y d rid e  
c o n c e n tra t io n  d u r in g  a r e a c t io n  o r  from one r e a c t io n  to  a n o th e r  
o f  an a c id  c a ta ly s e d  s e r i e s  o f  r e a c t io n s .  Thus and k^  may depend 
on th e  an h y d rid e  c o n c e n tr a t io n  b u t th ey  a ro  c o n s ta n t f o r  a  s e r i e s  o f  
r e a c t io n s  w ith  added a c id .
I f  t h i s  e q u a tio n  i s  c o r r e c t  th e n  th e  f i r s t  o rd e r  r a t e  c o n s ta n t 
a t  a g iv e n  a c id  m o la r i ty  i s  g iv en  by: 
kp ^ 0 + k^ (TFA) 
and F ig .  3 sh o u ld  be a  s t r a i g h t  l i n e .  S in ce  i t  i s  n o t ,  th e  above 
e q u a tio n  i s  n o t e x a c t .  The cu rv e  o f  F ig .  3 can^ how ever, be a p p ro x i­
mated by a  s t r a i g h t  l i n e  o v er a  sm all r e g io n .  I t  w i l l  b e  assumed th a t  
t h i s  can be done o v er a r e g io n  e q u iv a le n t  to  th e  change in  a c id  
m o la r i ty  d u r in g  a  r e a c t io n .  The s t r a i g h t  l i n e  to  be used  i s  th e  
ta n g e n t to  th e  cu rve a t  th e  av erag e  a c id  m o la r i ty  f o r  tho ru n  in  
q u e s t io n .
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The a p p ro p r ia te  s t r a i g h t  l i n e s  f o r  th e  r e a c t io n  w ith o u t added a c id  
and f o r  one o f  th o se  w ith  a re  shown in  Pig* 3* The e q u a tio n  o f  th o se  
l i n e s  i s :
= k^ + k^ (TFA)
H ow ever k  and k .  a r e  n o t th e  saiae i n  th e  two c a s e s ,  
o A
F o r  t h e  r e a c t io n  w i th o u t  added a c id  k ^ i s ,  v e r y  n e a r l y ,  th e  f i r s t  
o r d e r  r a t e  c o n s ta n t  i n  th e  t o t a l  a b sen ce  o f  t r i f l u o r o a c e t i c  a c id .
The o t h e r  k ^ ,  k ^ ' , i s  im a g in a r y  i n  t h a t  i t  d o es  n o t  c o rre s p o n d  to  
a n y  r e a l  q u a n t i t y .
I f  th e  r a t e  o f  r e a c t io n  i s  g iv e n ,  as  we h a v e  assumed b y :
R a te  = k ^  (PCP) + k ^  (P C P ) (pFA) 
th e n  th e  c o n s ta n ts  f o r  e ach  r e a c t i o n  s h o u ld  be c a lc u la t e d  u s in g  th e  
i n t e r g r a t e d  fo rm  o f  t h i s  e q u a t io n .  T h is  i s :
log %  ^ °o " ° + log o^ « 2.303 Ck^ +k^ CCo+AjjlQt:
c a + r
o
« 2 .303  k.*b
w h e re :
a i n i t i a l  a c id  m o la r i t y
c^  a i n i t i a l  £  -  c h lo ro p h e n o l m o la r i t y
c = £  -  c h lo ro p h e n o l m o l a r i t y  a t  t im e  t
kX
k  « f i r s t  o r d e r  r a t e  c o n s ta n t  f o r  th e  d is a p p e a ra n c e  
o f  £  -  c h lo ro p h e n o l w hen th e  a c id  m o l a r i t y  i s
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1<
In  o rd e r  to  c a l c u l a t o ^ i t  i s  n e c e ssa ry  to  assume e v a lu e  
f o r  r .  T r ia l  o f  d i f f e r e n t  v a lu e s  o f  r  f o r  a sam ple o f  r e a c t io n s  
w ith o u t added a c id  ghowod t h a t  a v a lu e  o f  r  i n  th o  r e g io n  0 .01  to  
0 .0 2  M gave th e  l e a s t  change i n  k  d u r in g  an e x p e rim en t. T h is was 
n o t ,  how ever, found to  he a s a t i s f a c t o r y  method o f  d e te rm in in g  
A tte n t io n  w as th e r e f o r e  tu rn e d  to  th e  th r e e  s e r i e s  o f  r e a c t io n s ? ; i th  
added a c id .
E ach o f  th e s e  s e r ie s  c o n s is ts  o f  one r e a c t i o n  w i th o u t  
added a c id ,  th e  r e f e r e n c e  r e a c t i o n ,  p lu s  s e v e r a l  w i t h  added  a c i d .
The l a r g e s t  e r r o r  in  m aking u se  o f a f i r s t  o rd e r  c a lc u l a t i o n  a r i s e s  
in  th e  c a se  o f tîte  r e fe re n c e  r e a c t io n s  a s  h ero  th e  p e rc e n ta g e  change 
in  a c id  m o la r i ty  d u r in g  th e  r e a c t io n  i s  g r e a t e s t .  Tho r e s u l t s  o f  
th e  th re e  r e fe r e n c e  r e a c t io n s ,  w ere , th e r e f o r e ,  r e c a lc u la te d  u s in g  
th e  above e x p re s s io n  w ith  r  p u t eq u a l to  0 . 005 , 0 .010  and 0 .020  H. 
The r e s u l t a n t  c o n s ta n ts  were in c lu d e d  in  p lo t s  o f  the  f i r s t  o rd e r  
r a to  c o n s ta n ts  a lre a d y  e a lc u la to d  f o r  th o  o th e r  r e a c t io n s  o f  th e  
s e r i e s  and a smooth cu rve  araw n th ro u g h  each  s e t  o f p o i n t s .  A 
ta n g e n t was drawn to  e a c h  cu rv e  a t  an ao id  m o la r i ty  e q u a l to  c^ 2 .  
Prom th e  i n t e r c e p t s  and s lo p e s  o f  th o se  ta n g e n ts  k^ and were 
found f o r  th e  r e fe r e n c e  r e a c t io n s  and hence r .  Thus wo now have 
two v a lu e s  o f  r  -  one v/hich was assumed as  a b a s is  f o r  c a lc u la t io n  
and th e  o th e r  r e s u l t i n g  from t h i s  assum ption* C le a r ly  th e s e  two 
v a lu e s  sh o u ld  be th e  same. Table 5 shows th e  r e s u l t s  o b ta in ed  f o r  
th e  th r e e  s e r i e s  c f  r e a c t io n s .
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TABLE 5 -  Comparison o f  assumed and c a lc u la te d  v a lu e s  o f  r*
R ea c tio n  s e r i e s
Assumed v a lu e  o f  r  
( r a o l e s / l i t r o )
R e s u lta n t v a lu e  o f  r  
( m o l e s / l i t r e )
1* 0.051  M an h y d rid e 0 .0 0 5 0 .0 2 8
p lu s  0 .0104  M ♦ 010 .011
p -  ch lo ro p h en o l
i
.020 .009
1
1 2 . 0 .086  M an h y d rid e 0 .0 0 5 0 .021
p lu a  0.0097  M .010 .011
1
1 £  -  ch lo ro p h en o l .020 .002
*3 . 0 .116  M an h y d rid e 0 .0 0 5 The p o in t  f o r  th e
p lu s  0 .0113  M re fe r e n c e  r e a c t io n
£  -  ch lo ro p h en o l was so f a r  from th e  
g e n e ra l tre n d  o f th e
'
f
1 o th e r  p o in ts  a s  to  
v i t i a t e  th e  d raw ing  
o f  a  c u rv e .
.010 0 .0 1 0
.020 .005
Thus i t  a p p e a rs  t h a t  th e  mo»t s u i t a b l e  o f th e  th r e e  v a lu e s  
i s :  r  = 0 .0 1 0  lU I t  was n o t c o n s id e re d  u s e fu l  to  t r y  and d e te rm in e  r  
more p r e c i s e ly  due to  th e  e r r o r s  in h e re n t  in  t h i s  p ro c e d u re .
I t  wag now d ec id e d  to  r e c a l c u l a t e  a l l  th e  r e s u l t s  f o r  th e se  
th re e  s e r i e s  o f ru n s  u s in g  a s u i t a b l e  v a lu e  o f  r .  The a p p ro p r ia te  
v a lu e  i s  n o t ,  how ever, 0 .010  M s in c e  t h i s  o n ly  a p p l ie s  to  th e  r e fe r e n c e  
r e a c t io n s .  To f in d  s u i t a b l e  v a lu e s  o f  r  u se  was made o f  tho  g rap h s  
drawn u s in g  r  « 0 .010  M to  c a lc u la te  th e  r e s u l t s  o f  th e  r e fe re n c e
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r e a c t io n s #  T angents wore drawn a t  a l l  th e  a c id  m o la r i t i e s  c o r r e s ­
ponding  to  th e  av e rag e  m o la r i ty  d u r in g  a r e a c t io n  and from t h e i r  
s lo p e s  and in to r c o p ts  th e  a p p ro p r ia te  v a lu e  o f  r  was c a lc u la te d .  
T h is gave a s e r i e s  o f v a lu e s  o f r  which w ere used  to  r e c a lc u la t e  
th e  r e s u l t s  o f  a l l  th e  r e a c t io n s  i n  th e  th re e  s e r i e s  o f r e a c t io n s  
w ith  added a c id .  The c o n s ta n ts  o b ta in e d  w ere p lo t te d  on a g raph  
and ta n g e n ts  drawn afc th e  av erag e  a c id  m o la r i t i e s  o f th e  in d iv id u a l  
r e a c t io n s .  From th e  s lo p e s  and in t e r c e p t s  o f  th e s e  ta n g e n ts  v a lu e s  
o f  r  v/ere c a lc u la te d  and compared w ith  th e  assumed v a lu es#  T able 6 
g iv e s  th e  r e s u l t s .
TABLL 6 -  Comparison o f  assumed and c a lc u la te d  v a lu e s  o f  r  f o r  th e  
th r e e  s e r i e s  o f r e a c t io n s  w ith  added t r i f l u o r o a c e t i c  a c id
R ea c tio n  s e r i e s
A verage a c id  
m o la r i ty  d u r in g  
r e a c t io n
Assumed v a lu e  
o f r  
(m olGs / l i t r e )
R e s u lta n t v a lu e  
o f r  
( m o l e s / l i t r e )
1 . 0 .051  M 0.0052 0 .0100 0 .0 1 1 3 ,
an h y d rid e  pluh .0309 .0171 .0154
0.0104  M .0566 .0300 .0227
£ - c h l  orophenol .0822 .0443 ' .0467
.1079 .0667 .0718
2 . 0 .086  M 0 .0049 0.0100 0 .0093
an h y d rid e  p lus .0224 .0124 .0120
0.0097  M .0400 .0199 .0220
£ - c h l  0 rophen dl *0575 .0340 *0378
.0750 ♦O65S .0710
.0925 .1162 .1005
3 . 0 .116  M 0 .0056 0 .0100 0.0107
an h y d rid e  plus .0159 .0110 .0142
0 .0113  M .0261 .0191 .0190
£ -c h lo ro p h en o l .0364 .0279 .0281
.0467 .0436 .0441
.0570 .0605 .0665
.0672 .0822 .0900
#0775 .0988 .1245
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l&e agreem ent betw een th e  two s e t s  o f  r  v a lu e s  was 
th o u g h t to  be good b e a r in g  in  mind th e  e r r o r s  in l ie re n t  in  a g ra p h ic a l  
p ro c e ss  o f  t h i s  s o r t .  I t  was th e r e f o r e  d ec id ed  th a t  th e  v a lu e s  o f  r  
assumed above a re  tlie  c o r r e c t  o n es . The v a lu e s  o f k  o b ta in ed  u s in g  
th e s e  v a lu e s  o f  r  a re  l i s t e d  in  Table 7 and p lo t te d  in  F ig .  4* The 
e r r o r  in  k  i s  e s tim a te d  a t  ^  10^ .
TABLE 7 -  F i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  th e  th re e  s e r i e s  o f  r e a c t io n s  
w ith  added t r i f l u o r o a c e t i c  a c id .
R eac tio n  s e r i e s F in a l a c id  m o la r i ty k  ( s s c ” ^)
i . e .
1 . 0.051  M 0.0104 1 .9 0  X 10~4
an h y d rid e  p lu s .0361 3 .9  "
0 .0104  w .0618 5 .5  "
2 ""0h l  orophenol .0874 6 .9  "
.1131 8 .3  "
2 * 0 .086  M 0 .0097 3 .8  z  10~4 '
an h y d rid e  p lu s .0272 7 .4  "
0.0097  M . 044e 1 0 .0  "
j3- c h l  orophenol *0626 1 2 .0
.0798 1 4 .0  ”
.0973 1 7 .5  "
3 . 0 .116  M 0.0113 6 . 3 z l O " 4
an h y d rid e  p lu s .0216 8 .3
0 .0113 M .0318 1 0 .5  "
' ^ -c h lo ro p h e n o l .0421 12 .5
.0524 1 4 .5  "
.0627 1 5 .0
.0729 1 6 .0  "
.0832 17 .0
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Now th a t  a s u i t a b le  v a lu e  o f  r  f o r  r e a c t io n s  v /ith o u t added
a c id  has been d ec id ed  on, i t  i s  p o s s ib le  to  r e c a lc u la te  th e  r e s u l t s  o f
a l l  th e  r e a c t io n s  w ith o u t added a c id .  A sample c a lc u la t io n  i s  g iv en
below and th e  r e s u l t s  f o r  th e  whole s e r i e s  a re  summarised in  Table 8 . 
llie  v a lu e s  o f  th e  f i r s t  o rd e r  r a t e  c o n s ta n t in  th e  com plete 
absence o f t r i f l u o r o a c e t i c  a c id ,  a re  c a lc u la te d  by use  o f  th e  
r e l a t i o n s h i p s Î
k  « k + k . .  c ( s in c e  h e re  : a = o)o A o o
kp = r  ( = 0 .0 1 0 )
g iv ing*  k^
1 + c
0
The e r r o r s  in  b o th  k and k a re  e s tim a te d  a t  +10^.o *~*
R eac tio n  bet\veen -  c h i orophenol (0 .0 1 1 3  M) and a c e ty l  t r i f l u  o ro a o e ta te  
( 0*091 M) in  carbon  t e t r a c h lo r id e  a t  25^*
Experim ent One
Time in  seco n d s; 1200 I 5OO l3 0 0  2220 Z/OO 3300 4200
M o la rity  in  .
a c e ta te  x  10 ; 32 40 46 55 65 75 88
k  X 10^ ( s e o . - l ) ,  5 .2  5*0 5 .0  5 .0  5 .0  5.1
Experim ent Tr;o
Time in  seco n d s; 9OO I I 40 1440 I 8OO 2220 27OO 3300 4200
M o la r ity  in  .
a c e ta te  x  10 25 33 40 48 58 66 77 86
k  X IC^ (sG o ."^ ) 5 .3  5*5 5*4 5*2 5*3 5*1 5*2 4*9
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Average v a lu e  o f  k ; $ .2  % 10 ^ s e c .” ^*
5*2 % 10
113
-4
= 2 ,4  X 10 860.
1 + 100
TABLE S ~ F i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  r e a c t io n s  w ith o u t added 
t r i f l u o r o a c e t i c  a c id .
!
I n i t i a l  -  ch i orophenol 
m o la r i ty  x 10 •
I n i t i a l  an liydride 
m o la r i ty k ( 8 8 C . ~ ^ )
-
k  ( s e c , “ ^)
0
T I r I ' " "■
113 0 .020 0 .5 5 X  1 0 ~ ^ 0 .2 6  z  10"^
100 *044 1 .6 0 t f 0.81  "
,
97 .044 1 .30 « 0 .6 5  » -
104 .050 1 .9 0 u 0 .9 4  "
100 .066 2*9 u 1 .45
97 .086 3.7- f t 1 .9 0
97 .088 3 .8 t j 1 .90
113 .091 5 .2 II 2 .4  "
95 .093 5 .1 t t 2 .6
95 .097 5*3 ft 2 .7  "
5 2 .104 4 .0 t t 2 .7  "
103 .104 5*3 t t 2 . 6  »
206 .104 7*4 f l 2 .4
100 .109 5 .5 1! 2 .8  ”
113 .116 6 .3 f t 3 .0
97 .132 7*2 II 3.7
100 ,153 8*5 I t 4 .3
97 .176 9 .0 ft 4 .6  "
100 .209 13 .0 ft 6 .5
97 .228 1 2 .5 t t 6 .2  "
87 .311 1 9 .0 fl 1 0 .0  "
87 .389 21.0 It 11 .5
- 71 -
i s  p lo t te d  a g a in s t  th© i n i t i a l  an h y d rid e  m o la r i ty
in  P ig .  5 .
E. R eac tio n  Between p -  G hlorophenol and A cety l T r lf lu o ro a o o ta te  
in  th e  P resen ce  o f  P y r id in e *
Two s e r i e s  o f  r e a c t io n s  w ere d o n e . The f i r s t  was betw een 
2  -  ch io ro p h en o l (O .Ol M), a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 9 7  M) and 
p y r id in e  (up  to  0 .016  M). T his showed th a t  p y r id in e  has a v e ry  
pronounced e f f e c t  on th e  r e a c t io n  -  much g r e a te r  th a n  t r i f l u o r o a c e t i c  
a c id .  Both e s t e r s  a re  formed and th e  r e a c t io n  i s  much f a s t e r  th a n  in  
th e  absence o f  p y r id in e .  With p y r id in e  m o la r i t i e s  above abou t 0 .003  
th e  r e a c t io n  i s  h a l f  com pleted in  tw o m inu tes  o r  l e s s .
A lthough a t  low p y r id in e  c o n c e n tra t io n s  no r e a c t io n  co u ld  
be d e te c te d  betw een p y r id in e  and a c e ty l  t r i f l u o r o a c e t a t e ,  r e a c t io n  d id  
occu r in  th e  more c o n c e n tra te d  s o lu t io n s  ( > 0 .0 0 5  M in  p y r id in e ) .  At 
th e se  h ig h e r  p y r id in e  c o n c e n tra t io n s  a  su sp en s io n  was o b ta in e d . At a 
s t i l l  h ig h e r  p y r id in e  c o n c e n tra t io n  (O .l  M) th e  s o lu t io n  co lo u red  and 
d e p o s ite d  a s o l i d .
A second s e r i e s  o f  r e a c t io n s  was done u s in g  2  ch io ro p h en o l 
(O .Ol M), a c e ty l  t r i f l u o r o a c e t a t e  (0 .0 2  M) and p y r id in e  (up to  0 .005  M). 
In  t h i s  s e r i e s  no r e a c t io n  was observed  between th e  anhydride  and 
p y r id in e  in  any c a s e .  The r e s u l t s  were s im i la r  to  th o se  o f th e  f i r s t  
s e r i e s .  The amount o f t r i f l u o r o a c e t a t e  in  th e  f i n a l  p ro d u c t i s  shown 
f o r  b o th  s e r i e s  in  Table 9 and P ig .  6 .
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TABLE 9 -  C om position o f  th e  P ro d u c t from th e  R eac tio n  o f A cety l 
T r i f lu o r o a c e ta te  w ith  £  -  C hiorophenol in  th e  p re sen ce  
o f  P y r id in e  in  Carbon T e tra c h lo r id e  a t  25^*
1
R eac tio n  s e r i e s
I n i t i a l  p y r id in e  
m o la r i ty  x  10^
Moles ^  o f 
t r i f l u o r o a c e t a t e  
in  th e  p ro d u c t
1 . 0 .097  M 0 .9 8
an h y d rid e  p lu s 4*5 26
0 .0095  M 9 .0 47
£  -  ch lo ro p h en o l 18 75
27 84
36 86
54 80
72* “73
90* 66
109* 50
125* 52
141* 37 ‘
156* 42
2 . 0 .0 2 0  M 1 .8 25
an h y d rid e  p lu s 3 .6 50
0.0113  M 9*0 80
£  c h l o rophenol 18 85
27 85
45 74
♦ In  th e se  o ases  r e a c t io n  was observed  betw een p y r id in e  
and th e  a n h y d rid e .
P . -  R eac tio n  betw een Iso p ro p an o l and A cety l T r i f lu o r o a c e ta te  in  
th e  P resen ce  o f IV if lu o ro a c o t ic  Acid
Iso p ro p an o l (O .O l M) was r e a c te d  w ith  a c e ty l  t r i f l u o r o a c e t a t e  
( 0 .0 5  M) in  th e  p re sen ce  o f  t r i f l u o r o a c e t i c  a c id  (up  to  0 .1  M). There 
was a 100^ y ie ld  o f e s t e r s .  The p ro d u c t com position  depended on th e
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amount o f  a c id  p re s e n t  b u t th e  p ro d u c t was alw ays m ain ly  t r i f lu o r o a c e ta t e *  
The r a t i o  o f t r i f l u o r o a c e t a t e  to  a c e ta te  m o la r i t ie s  showed no s i g n i f i ­
c a n t tre n d  d u r in g  a r e a c t io n  and th e  r a t e  o f  e s t e r  fo rm a tio n  was second 
o rd e r  in  iso p ro p a n o l. The r e s u l t s  o f  one p a i r  o f ex p erim en ts  a re  g iv en  
in  d e t a i l  below  and a suiamary o f  a l l  th e  r e s u l t s  in  T able 10 . The 
r e s u l t s  a re  p re se n te d  g r a p h ic a l ly  in  P ig .  ?♦
R ate c o n s ta n ts  f o r  th e  in d iv id u a l  e s t e r s  a rc  o b ta in ed  from 
th e  t o t a l  r a t e  c o n s ta n t and th e  av erag e  e s t e r  r a t i o  d u r in g  th e  p a i r  
o f  r e a c t io n s .
R eac tio n  betw een iso p ro p a n o l (O.OIOIM) a c e ty l  t r i f l u o r o a c e t a t e  (O.O5O M) 
and t r i f l u o r o a c e t i c  a c id  ( 0*0770 M) in  carbon  t e t r a c h lo r id e  a t  25^ .
Experim ent One
Time in  seco n d s: 180 240 300 360 420 480 540 660
M o la r ity  in  a c e ta te  x  10^: 7 9 9 11 -"11 11 13 14
M o la r ity  in  t r i f l u o r o -  
a c e ta te  x 10^ : 32 39 41 46 47 53 53 58
R atio  o f e s t e r  m o la r i t i e s : 4*6 4 .3 4*6 4 .2 4 .3 4*8 4*1 4 .1
T o ta l e s t e r  m o la r i ty  x 10^: 39 48 50 57 58 64 66 72
k g(second  o rd e r  r a t e  con­
s t a n t  f o r  e s t e r  form­
a t io n ,  l i t r e /m o le  s e c .)* 0*34 .37 *32 *36 *32 .36 .35 .37
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Experim ent Two 
Time in  seconds: 180 240 300 360 420 480 540 660
4
M o la r ity  in  a c e ta te  x 10 : 6 7 10 10 11 11 12 13
M o la r ity  in  t r i f l u o r o ­
a c e ta te  X 104; 34 38 41 46 49 54 56 59
R a tio  in  e s t e r  m o la r i t i e s : 5 .7 5*4 4 .1 4 .6 4*5 4*9 4*7 4*5
T o ta l e s t e r  m o la r i ty  x  10^: 40 45 51 56 60 65 68 72
kg ( l i t r e s /m o le  s e c * ) : 0*36 *33 *34 *34 .34 .37 .38 .37
Average v a lu e  o f kg t 0*35 l i t r e s /m o le  sec*
Average v a lu e  o f e s t e r  r a t i o  : 4*6
. .  kg f o r  a c e ta te  a lo n o t 0*06 l i t r e s /m o le  sec*
kg f o r  t r i f l u o r o a c e t a t e  a lo n e  : 0*29 l i t r e s /m o le  sec*
TABLE 10 ~ R eac tio n  between A cety l T r i f lu o r o a c e ta te  (0*050 H) and
Iso p ro p an o l (0*0101 M) in  th e  p resen ce  o f T r i f lu o r o a c e t ic  
Acid in  Carbon T e tra c h lo r id e  a t  25^*
r --------------- "" —  “
1 I n i t i a l  t r i f l u o r o a c e t i c  
a c id  m o la r i ty
R atio  o f e s t e r  
m o la r i t ie s both  e s te r s
res/m o le
a c e ta te
s e c . )  f o r :  
t r i f lu o r o a c e  t a t e
0.0000 2*3 0 .2 5 0*08 0.17
*0103 3*6 .31 .07 *25
*0257 4*4 *27 .05 .22
• 0411 4 .3 *30 *06 *24
*0514 4*6 *33 «06 *27
*0770 4 .6 *35 *06 .29
.1027 4*8 .40 *07 .33
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SECTION IV . DISCUSSION.
A. A ce ty l T r i f lu o r o a c e ta te  »
I t  was n o ted  d u rin g  th e  d e s c r ip t io n  o f th e  p re p a ra t io n  
o f  a c e ty l  t r i f l u o r o a c e t a t e  in  carbon  t e t r a c h lo r id e  s o lu t io n  t h a t  
th e  r a t e  o f  th e  r e a c t io n  v a r ie s  w id e ly  and in  an unsysrtemocfcic m anner.
The average tim e re q u ire d  t o  re a c h  " p r a c t ic a l"  e q u il ib r iu m  (ab o u t 
95^ co n v e rs io n ) i s  abou t th r e e  d ay s ; Thus t h i s  r e a c t io n  i s  on 
average c o n s id e ra b ly  s lo w er, and o f te n  very-m uch s lo w e r, th a n  
p re v io u s ly  r e p o r te d  ( 8 ) .  I t  i s  v e ry  p ro b ab le  (64) t h a t  th e se  
v a r ia t io n s  in  th e  r a t e  o f  r e a c t io n  a re  due to  t r a c e s  o f  a c id s  p re se n t 
a s  im p u r it ie s *  In  su p p o rt o f  t h i s  id e a  i t  was found t h a t  th e  r e a c t io n s  
betw een a c e t i c  a c id  and t r i f l u o r o a c e t i c  anhydride  and between t r i f l u o r o ­
a c e t i c  a c id  and a c e t ic  anhydride  a re  much f a s t e r  th a n  th e  r e a c t io n  
between th e  two anhydrides#
I t  has alw ays been a m a tte r  o f  concern  t o  be su re  t h a t  
i n  ex j)eriinen t3 w ith  unsym m etrica l an h y d rid es  th e y  r e a c t  a s  them selves 
and do n o t f i r s t  d is p ro p o r tio n a te  in to  sym m etrica l an h y d rid es  (se e  e*g#, 
4 9 ) .  In  th e  p r e s e n t  work i t  was shown (see  th e  e x p e r im e n ta l s e c t io n )  
by in f r a r e d  s p e c tra  t h a t  th e re  i s  no b u lk  co n v ersio n  o f a c e ty l  t r i f l u o r o ­
a c e ta te  i n to  th e  s y n m e tr ic a l an h y d rid es  d u ring  th e  r e a c t io n  w ith  
2  -  ch lo ro p h e n o l. The p o s s i b i l i t y  th a t  th e  s n a i l  amounts o f  sy m m etrica l 
an h y d rid es  which a re  p r e s e n t  in  s o lu t io n s  o f a c e ty l  t r i f l u o r o a c e t a t e  a re  
th e  r e a c t iv e  sp e c ie s  was a l s o  c o n s id e re d . In  th e  case of th e  r e a c t io n s  
w ith  pheno ls  i f  r e a c t io n  o ccu rs  in  t h i s  manner th e  r e a c t iv e  sp e c ie s
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must be a c e t i c  anhydride  s in c e  o n ly  th e  a c e ta te  i s  form ed. An 
oxperim ont showed th a t  r e a c t io n  between £  -  ch lo ropheno l and a c e t ic  
an h y d rid e  i s  v e ry  much slow er than  r e a c t io n  w ith  a s im i la r  c o n c e n tra tio n  
o f a c e ty l  t r i f lu o r o a c e ta te *  S ince  on ly  a sm all amount o f a c o tio  anhydride  
i s  p re s e n t  in  s o lu t io n s  o f a c e ty l  t r i f l u o r o a c e t a t e  in  any c a s e , i t  i s  
c l e a r  th a t  th e  r e a c t io n  betw een th o se  s o lu t io n s  and £  -  ch lo ropheno l i s  
duo to  a c e ty l  t r i f l u o r o a c e t a t e  i t s e l f .
\Vhen iso p ro p an o l i s  used bo th  e s t e r s  a re  o b ta in e d . Ihe 
r e a c t io n  betw een iso p ro p an o l and th e  sy iim e trio a l an h y d rid es  was n o t 
s tu d ie d .  I t  was, however, found th a t  r e a c t io n  betwoen £  -  ch lo ropheno l 
and t r i f l u o r o a c e t i c  anhydride  was slov/er th a n  r e a c t io n  w ith  a s im i la r  
c o n c e n tra tio n  o f  a c e ty l  t r i f l u o r o a c e t a t e .  Thus, tow ards £  -  ch lo ropheno l 
a t  l e a s t ,  n e i th e r  o f  th e  sym m etrical an h y d rid es  i s  as  r e a c t iv e  a s  a c e ty l  
t r i f l u o r o a c e t a t e .  I t  w i l l  be assumed th a t  t h i s  r e s u l t  i s  g e n e ra l ly  
a p p lic a b le  and s in c e  th e  sym m etrical an h y d rid es  a re  only  p re s e n t  to  a 
sm all e x te n t  in  s o lu t io n s  o f a c e ty l  t r i f l u o r o a c e t a t e  t h e i r  p resen ce  w i l l  
be ne f le e te d .
B. The R eac tio n s  O ccurin^ in  th e  P resen ce  o f an Aqueous P hase .
As has boon d e s c r ib e d , a carbon t e t r a c h lo r id e  s o lu t io n  
(2  m l.)  o f a phenol (O.Ol M) and a c e ty l  t r i f l u o r o a c e t a t e  (O .l  M) 
g iv e s  on sh ak in g  w ith  s a tu r a te d  aqueous po tassium  b ic a rb o n a te  s o lu t io n  
(5  m l.)  an alm ost q u a n t i t a t iv e  y ie ld  o f th e  phenyl t r i f l u o r o a c e t a t e .
O ther experim en ts  show th a t  t r i f l u o r o a c e t i c  anhydride  and a c e t ic  anhydride 
a ls o  y ie ld  e s te r s  under th e se  c o n d i t io n s .  In  th e  f i r s t  case  th e re  i s
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abou t a 30/  y ie ld  o f t r i f l u o r o a c e t a t e  and in  th e  second about a $0^ 
y ie ld  o f  a c e ta te .  Only th e  r e a c t io n  w ith  a c e ty l  t r i f l u o r o a c e t a t e  was 
in v e s t ig a te d  fu r th e r#
Aheri a carbon te t r a c h lo r id e  s o lu t io n  o f a phenol and a c e ty l  
t r i f l u o r o a c e t a t e  i s  shaken w ith  aqueous b ic a rb o n a te  s o lu t io n  s e v e ra l  
th in g s  happent
1 . 'The phenol i s  d i s t r i b u t e d  between th e  two p h a se s . In  th e  case  o f
O.OIM £ -c h lo ro p h e n o l abou t i s  t r a n s f e r r e d  to  th e  aqueous p h ase .
The phenol can a ls o  be t r a n s f e r r e d  in  th e  o p p o s ite  d i r e c t io n .  Both 
t i ’a n s fe r s  a re  r a p id ,  be in g  com plete in  l e s s  th an  10 seco n d s, th u s  
e x p la in in g  why th e  i n i t i a l  environm ent o f th e  phenol has l i t t l e  
e f f e c t  on th e  r e s u l t*
2 . The a c e ty l  t r i f l u o r o a c e t a t e  i s  removed from th e  carbon te t r a c h lo r id e  
p h a se . From in f r a r e d  s p e c tra  i t  ap p ears  th a t  th e  anh y d rid e  i s  
hyd ro ly sed  to  a c e t ic  and t r i f l u o r o a c e t i c  a c id s  in  th e  o rg an ic  phase 
and th e se  a c id s  a re  th en  removed to  th e  aqueous phase where th ey  form 
po tassiu m  a c e ta te  and t r i f l u o r o q o e ta te .  '^There i s  no g r e a t  accum ulation  
o f  a c id s  in  th e  o rg an ic  p h ase . I f  a c e ty l  t r i f l u o r o a c e t a t e  reach es
th e  aqueous phase as  such i t  w i l l  im m ediately  ( 40 ) be hydro lysed  to  
g iv e  p o tass iu m  a c e ta te  and t r i f lu o r o a c e ta t e #  The rem oval o f  th e  
anhydride  from th e  o rg an ic  phase i s  r a p id .  In  k in e t i c  experim en ts 
sam ples were shaken f o r  30 seconds to  en su re  com plete rem oval bu t 
n e a r ly  a l l  th e  anhydride  i s  removed in  h a l f  t h i s  tim e .
3 . N e u tr a l i s a t io n  in  th e  aqueous phase o f th e  a c id s  formed from  th e  
anhydride  l i b e r a t e s  carbon  d io x id e . F ig u re s  g iv en  in  S e c tio n  I I I .
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shoif t h a t  th e r e  i s  no m easurab le  change i n  th e  pH o f  th e  s a tu r a te d
bicarbonate so lu t io n  during t h is  p ro cess . Other experim ents show
t h a t  carbon  d io x id e  I t s e l f  produces no e s t e r s  from, p h e n o l-a c e ty l
t r i f l u o r o a c e t a t e  s o lu t io n s  w ith  o r w ith o u t an  aqueous jh a se  p r e s e n t .
Work a lre a d y  d e sc rib e d  shows t h a t ,  a lth o u g h  aqueous s o lu t io n s
o f  b ases  g iv e  v e ry  v a ry in g  r e s u l t s ,  e s t e r s  a re  fo ro e d  o n ly  when a base i s
p re s e n t  i n  th e  aqueous jM s e • 3 in ce  e s t e r s  a re  on3y form ed when a c e ty l
t r i f l u o r o a c e t a t e  (o r  e i t h e r  o f th e  sym m etrica l a n h y d rid es) i s  p r e s e n t ,
a c e t i c  and t r i f l u o r o a c e t i c  a c id s  producing no e s t e r s  a t  a l l ,  th e
fo llo w in g  argum ent see«as to  be v a l i d .
Any e s t e r s  form ed a r i s e  by r e a c t io n  w ith  th e  a n h y d rid e , duch
r e a c t io n  can o n ly  o ccu r in  th e  carbon  t e t r a c h lo r id e  j^ a s e  o r  a t  i t s
s u rfa c e  • R eac tio n  o n ly  o c c u rs  w ith  # ie n o l  which h as  been i n  c o n ta c t
w ith  a  b a se , t h a t  i s  w ith  j:henol which h a s  been in  th e  aqueous p h ase .
The q u e s tio n  now a r i s e s  a s  how th e  p h en o l i^hich has been in  th e
aqueous phase d i f f e r s  from  t h a t  which has n o t .
The moat obvious d if f e re n c e  between a  f^ e n o l i n  carbon
te t r a c h lo r id e  and a  j^ e n o l  i n  an aqueous a lk a l in e  s o lu t io n  i s  t h a t
th e  l a t t e r  i s  io n is e d  to  an a p p re c ia b le  e x te n t .  The degree o f  io n i s a t io n
depends on th e  phenol i n  q u e s tio n  and  th e  pH o f th e  aqueous s o lu tic m .
bi
The pH o f s a tu r a te d  aqueous p o t as  s iu  /ca rb o n a te  so lu tic o i i s  8 .7 .
The pKa v a lu e s  (65) and d eg rees  o f  io n i s a t io n  in  a  s o lu t io n  o f  pH* 8 .7  
f o r  phenol and th e  m ost and l%<wt a c id ic  o f  th e  m- and £ -  s u b s t i tu te d  
pheno ls  used  a r e :
Phenol: m- ch^lorophenol phenol £ -  mothylphenol 
pKa : 9 .1 3  10 .00  10 .26
^ im is e d :  29 5 2 .5
J
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Thua in  a l l  cases an apj^reciabla amount o f  the # ianol i s  ion ised  in  
sa tw a to d  bicarbonate solu tion#
In pure water (pH » 7) m- chloroj^enol i s  0*8^ io n ise d ,
which la  not very d iffe re n t froa  the figu re  for  £ -  m ethyl#ienol in  '
saturated bicarbonate so lu tion# AH the m-» and £ -  su b stitu ted  phenols,
however, g ive  a high y ie ld  o f  tr if lu o ro a ce ta te  in  the presence of
bicarbonate but no y ie ld  a t a l l  in  the pres^ice of water. This i s
because the d ifferen ce  in  pH betw en water and saturated bicarbmmte
so lu tio n  in  these ex r« r l7 m ts is^ r e a l ly  greater than 1 .7 .  F ir s t ly  the
pH o f  the water used i s  about 5 .7  and, secondly, the pH o f  the bicarbcmate
so lu tio n  i s  constant during shaking but that o f  water f a l l s  rap id ly .
Thus the pH o f wat^r f a l l s  from $ .7  to  3 .2  Mien 10^ o f  the anhydride has
been hydrolysed nd to  2 ,2  when hydrolysis i s  complete. The degree o f
io n isa t io n  of u, pl'isncl in  saturated aqueous potassium bicarbonate
"bir*\€S
so lu tio n  i s  fciiorefotv about jk lO ^ greater than i t  i s  in  water which has 
hydrolysed ID" o f uw ai^bydride rresent in  a sample.
That the pH o f Uie aqueous phase i s  important in  determining 
the y ie ld  o f  e s te r  foniBd on shaking i s  shown by the r e su lts  in  Table 2 .  
(p#55)* Those r e su lts  a lso  show that the pH o f  the aqueous phase i s  not
the on ly  factor  in fluencin g  the r e s u lt .  Let us cm sid er  the r e a c t im
more c lo se ly :
The reaction  between a c e tic  anhydride and i^enols in  cold  
aqueous a lk a lin e  so lu tio n  i s  a w ell known method of preiiaring phenyl 
a c eta tes  (5 6 ) . d ine; a c e tic  anhydride has a  measurable rate  o f  hydrolysis 
in  water (s e e , e # g ., 12) i t  i s  possib la for  these reaction s to  occur in  
the aqueous phase. In contrast i t  has been noted (40) that acy l t r i f lu o r a -
- 80 -
a c e ta te s  a re  h y d ro ly sed  a lm ost im m ediate]y  even in  m o is t a i r*  I t  i s  
th e r e f o r e  h a rd ly  c re d ib le  t h a t  th e y  can su rv iv e  long  enough in  an 
aqueous s o lu t io n  even to  r e a c t  w ith  phenoxide an ions*  I f  t h i s  i s  so 
th e  r e a c t io n  must e i t h e r  o ccu r in  th e  o rg a n ic  phase o r a t  th e  phase 
boundary . I t  i s  d i f f i c u l t  to  see how, under th e se  c o n d it io n s ,  th e  
phenoxide io n  c a n e n te r  th e  o rg a n ic  phase and i t  i s  more l i k e l y  t h a t  
th e  r e a c t io n  o ccu rs  a t  th e  phase boundary*
I t  i s  now p o s s ib le  to  u n d e rs ta n d  how f a c to r s  o th e r  th a n  
th e  pH o f th e  aqueous jiiase  a f f e c t  th e  y ie ld  o f  e s t e r s .  The pH o f  th e  
aqueous phase d e te rm in es  th e  c o n c e n tra tio n  o f  phenoxide io n s  in  th e  
bu lk  o f  th e  phase b u t o th e r  f a c t o r s ,  such as  s u rfa c e  te n s io n  and 
v i s c o s i t y ,  w i l l  a f f e c t  th e  a v a i l a b i l i t y  o f th e se  io n s  a t  th e  p^ase 
boundary . The r a t e  a t  which th e  io n s  become a v a i la b le  i s  v e ry  im p o rtan t 
because th e  whole p ro cess  o f  th e  phenoxide io n  becoming a v a i la b le  and 
r e a c t in g  w ith ' th e  anhydride  must be r a p id  to  compete w ith  th e  h y d ro ly s is  
o f  th e  an h y d rid e . A ra p id  r e a c t io n  i s  to  be ex p ec ted  between phenoxide 
an io n s  and th e  anhydi^ide and th e  shak ing  of th e  two phases e n su re s  t h a t  
f r e  sh s u rfa c e  la y e r s  a re  c o n t in u a l ly  coming in to  c o r t a c t  and t h a t  th e  
an io n s  a re  made a v a i la b le  a s  r a p id ly  a s  p o ss ib le *
The f a c t  t h a t  th e  t r i f l u o r o a c e t a t e  i s  th e  m ain, i f  n o t th e  
s o le ,  p ro d u c t o f  th e se  r e a c t io n s  i s  e x p lic a b le  i f  th e  r e a c t io n  in v o lv e s , 
a s  seems t o  be th e  c a s e , phenoxide io n s .  This p o in t  w i l l  be d isc u sse d  
l a t e r .
Three o f  th e  £ •  s u b s t i tu te d  phenols u sed , o -  c r e s o l ,  
o -  raethoxyphenol and o -  n i tro p h e n o l ,  g iv e  n o t ic e a b ly  low er y ie ld s  o f
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t r i f l u o r o a c e t a t e  th a n  o -  ch lo ro p h en o l and  th e  m- and £ -  s u b s t i tu te d  
p h e n o ls . This behav iou r i s  d i f f i c u l t  t o  u n d e rs tan d  s in c e  o -  c r e s o l  
and o -  lasthoxyphenol have s im i la r  pdCa v a lu e s  t o  th e  m- and £ -  s u b s t i tu te d  
p h eno ls  (65) and r e a c t  a t  com parable r a t e s  w ith  a c e ty l  t r i f l u o r o a c e t a t e  
i n  carbon te t r a c h lo r id e *  o -  N itro p h e n o l i s  a  s tro n g e r  a c id  th a n  any o f 
th e  o th e r  phenols co n s id e red  (65 g iv e s  0 ia  » 7 .2 1 ) .  T h is may r e s u l t  in  
i t s  an io n  be ing  l e s s  r e a c t iv e  th a n  th e  o th e r s  and th e r e fo r e  a t ta c k in g  
th e  anhydride  more s lo w ly .
An a tte m p t was made to  in tro d u c e  phenoxide io n s  d i r e c t l y  
in to  carbon  t e t r a c h lo r id e  in  o rd e r  t o  s tu d y  t h e i r  r e a c t io n  xd.th a c e ty l  
t r i f l u o r o a c e t a t e .  I t  was in te n d e d  t o  p rep a re  a sim ple q u a te rn a ry  
ammonium phenoxide bu t th e  su b stan ce  o b ta in e d  was te tra -n -bu ty lam m onium  
phenoxide d ip h e n o la te , i . e .  N.OC^Hj. 2G^H^H. This i s  s o lu b le  in  
carbon  t e t r a c h l o r i d e ,  th e  io n s  presum ably being  p a i r e d .  S ince an 
in f r a r e d  spectrum  shows no a b s o rp tio n  a t  th e  norm al p h en o lic  OH 
fre q u e n c ie s  th e  phenol m olecu les must be v e ry  s tro n g ly  hydrogen bonded, 
most p ro b a b ly  to  th e  phenoxide an io n  (6 6 ) .
Tetra-n-butylam ittonium  phenoxide d ip h e n o la te  (0.005M) «vas 
r e a c te d  w ith  a c e ty l  t r i f l u o r o a c e t a t e  ( 0 . 0 # )  in  carbon t e t r a c h lo r id e  a t  
25®. There was an im m ediate ( i . e .  in  le s s  th a n  one m inute) 85/^ y ie ld  o f 
pheny l t r i f l u o r o a c e t a t e  (b ased  on a l l  th e  p h en o l p r e s e n t ,  i . e .  phenol 
p lu s  p h en o x id e ). A f te r  one day t h i s  y ie ld  ro se  to  95^ but d id  n o t 
in c re a s e  any more o v er a p e r io d  o f fo u r  d ay s . No a c e ta te  was found a t  
any s ta g e .
The slow in c re a s e  from  85^ t o  95% y ie ld  i s  d i f f i c u l t  t o  
u n d e rs ta n d  as  i s  th e  lo s s  o f  5% o f th e  p h en o l, th e  g e n e ra l  course  o f
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th e  r e a c t io n  i s ,  how ever, e x p l ic a b le .  The phenoxide io n s  w i l l  r e a c t  
r a p id ly  w ith  a c e ty l  t r i f l u o r o a c e t a t e  to  g iv e  (a s  in  th e  case o f  th e  
two phase system ) pheny l t r i f l u o r o a c e t a t e .  The f a c t  t h a t  th e  phenol 
p re s e n t  a ls o  r e a c t s  in  t h i s  way, and n o t to  g iv e  th e  a c e ta te  as  f re e  
p h en o l d o es , shows t h a t  i t  must be in  some s p e c ia l  s t a t e .  I n i t i a l l y  
th e  p h e n o l i s  hydrogen bonded to  th e  phenoxide io n ,  th e  hydrogen bond 
in v o lv e d  be ing  much s tro n g e r  (66) th a n  th o se  formed betw een, s a y , two 
pheno l m o le c u le s . As a  consequence th e  p h en o l, a s  w e ll as  th e  phenoxide 
io n ,  i s  a b le  to  r e a c t  r a p id ly  to  g ive th e  t r i f l u o r o a c e t a t e  ( t h i s  i s  
d isc u s s e d  more f u l l y  l a t e r ) .  As th e  r e a c t io n  proceeds th e  phenoxide io n  
i s  r e p la c e d  by th e  a c e ta te  io n .  This io n  a l s o  form s © sp e c ia lly  s tro n g  
hydrogen bonds w ith  phenol (66) and so  th e  p h e n o l i s  s t i l l  ab le  t o  r e a c t  
r a p id ly  t o  g iv e  th e  t r i f l u o r o a c e t a t e .  In  t h i s  way a l l  th e  p h en o l 
(p h en o l and phenoxide) i n i t i a l l y  p re se n t i s  r a p id ly  co n v erted  in to  th e  
t r i f l u o r o a c e t a t e .
C . The R eac tio n  Between £ -  C hlorophenol and A ce ty l T r if lu o ro a c e ta te  
i n  th e  Absence o f  T r i f lu o r o a c e t ic  A cid .
Tills r e a c t io n  g iv e s  a s  th e  o n ly  p ro d u c t £ -  ch lo ro p h en y l 
a c e t a t e . The v a lu e  o f  th e  f i r s t  o rd e r  r a t e  c o n s ta n t (k^) a re  g iv en  
in  Table 8 .  (p .7 0 )  and p lo t t e d  g r a p h ic a l ly  in  F i g ,5 .
The r e a c t io n  i s  f i r s t  o rd e r  in  £ -  ch lo ro p h en o l which r u le s  
o u t th e  p o s s i b i l i t y  o f  th e  r e a c t io n  having an io n ic  mechanism o f th e  form:
CF3 .  C O .O .CO .CH 3  ---------> C F ^ . C o f  +  CH3 .CO®
g-C l.C ^H ^O H +C H ^.C O ®  ---------)  £ -  C 1 .C 6 H ^ .0 .C 0 .C H 3  +  H ®
In  a  mechanism o f  t h i s  type  th e  f i r s t  s te p  i s  th e  r a t e  s te p  and
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c o n se q u e n tly  th e  r e a c t io n  i s  zero  o rd e r  in  £ -  ch lo ro p h e n o l. I o n is a t io n  
o f  th e  anhydride  i s  in  any case u n l ik e ly  in  a s o lv e n t such as  carbon 
t e t r a c h l o r i d e ,  th e  main ev idence f o r  such an io n i s a t io n  r e l a t e s  to  th e  
system  a c e t i c  anhydride  -  t r i f l u o r o a c e t i c  anhydride  i n  th e  absence o f 
any  s o lv e n t (39)$
In  a s o lu t io n  o f a c e ty l  t r i f l u o r o a c e t a t e  and £ -  ch lo ro p h en o l 
i n  carbon  t e t r a c h lo r id e  v a r io u s  e q u i l i b r i a  can be s e t  up  and s e v e ra l  
r e a c t io n s  can o c c u r . The fo llo w in g  a re  re le v a n t  to  t h i s  d is c u s s io n ;  
P + A ^ P . A  K3
A -fP — ) a c e ta te  k^
A .P 4 -A — )  a c e ta te  k^
where : P * £ -c h lo ro p h e n o l,  A « a c e ty l  t r i f l u o r o a c e t a t e  and A .P . i s  a
complex formed from  one m olecule o f anhydride  and one m olecule o f 
£ -  c h lo ro p h e n o l.
The complex A.P# i s  form ed by hydrogen bonding between th e  hydroxy l 
group o f £ -  ch lo ro p h en o l and one o f th e  oxygen atoms o f th e  a n h y d rid e . 
A lthough such a  bond can be form ed to  any o f th e  th re e  oxygen atoms of 
th e  a n h y d rid e , th e  most l i k e l y  bond i s  t h a t  to  the  a c e ty l  ca rb o n y l 
g roup  oxygen atom s in c e  t h i s  i s  th e  most b a s ic  o f  th e  t h r e e .
The d im s r is a t io n  o f £ -  c h lo ro p h en o l, ivhich a ls o  o c c u rs , has 
been n e g le c te d . The d iii© risa tio n  c o n s ta n t f o r  pheno l i s  1 -2  l i t r e s /m o le  
( 67, 68 ) and th e  v a lu e  f o r  £ -  ch lo ro p h en o l i s  l e s s  th a n  t h i s  (69) # S ince 
th e r e  i s  o n ly  a low c o n c e n tra tio n  o f  £ -  ch lo ro p h en o l p re s e n t th e  amount 
p re s e n t  as  dim er i s  o n ly  a few p e rc e n t and t h i s  i d . l l  o n ly  be o f
im portance i f  i t  undergoes f u r th e r  r e a c t io n .  I f  t h i s  o ccu rred
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th e  com plete r e a c t io n  would be p a r t i a l l y  second o rd e r  i n  £ -  ch lo ropheno l. 
As th e r e  i s  no ev idence  f o r  t h i s  th e  d im é r is a t io n  o f £ -  ch lo ro p h en o l 
w i l l  be n e g le c te d .
From th e  above r e a c t io n  scheme th e  r a t e  o f r e a c t io n  i s :
Hate -  kg (A) (P) +  k^ (A.P) (A) 
s kg (A) (P) +  k3 K3 (A)^ (P)
E x p e rim e n ta lly  th e  r a t e  o f  r e a c t io n  i s  g iv en  by:
R ate  = ko (P )^
where (P )^  i s  th e  t o t a l  o r  fo rm al c o n c e n tra tio n  o f  £ -  ch lo ro p h e n o l. 
S in ce : (P)j^* (P) 4- (A .P)
-  (P) +  K3 (A) (P)
we have:
k(  ^ [ i + K 3 (A)] a  (A) 4- k^  (A) 2
o r; ^o +  ^3  * ^2 ^3 ^3
The r e s u l t s  g iv en  in  Table 8 . ( p .  70) can be t e s t e d  f o r  a  
f i t  to  t h i s  r e l a t io n s h ip  by assum ing a v a lu e  o f c a lc u la t in g  th e  
l e f t  hand s id e  and p lo t t in g  i t  a g a in s t  (A ), T his sh o u ld  g iv e  a  s t r a ig h t  
l i n e .  The v a lu e  o f (A) re q u ire d  i s  th e  average anhydride  c o n c e n tra tio n  
d u rin g  th e  r e a c t io n .  T his i s  th e  i n i t i a l  aniiydride c o n c e n tra tio n  as  
l i s t e d  in  Table 8 , minus h a l f  th e  i n i t i a l  £ -  ch lo ro p h en o l c o n c e n tra tio n , 
minus th e  aiûount o f  anhydride  complexed w ith  £ -  ch lo ro p h en o l when th e  
r e a c t io n  i s  h a l f  com pleted . The l a s t  o f th e se  q u a n t i t i e s  can be 
c a lc u la te d  once a  v a lu e  o f K3 has been assum ed.
A t r i a l  was made o f s e v e ra l  v a lu e s  o f  and i t  was found
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t h a t  to  o b ta in  a  s t r a i g h t  l i n e  K3 m ust be g r e a te r  th a n  5 and 
le s s  t h a t  50 l i t r e s / m o l e .  I t  i s  n o t p o s s ib le  to  lo c a te  
p r e c i s e ly  i n  t h i s  r e g io n .  Use o f K3 = 20 l i t r e s /m o le  g iv e s  
th e  b e s t  s t r a ig h t  l i n e ,  th e  r e s u l t s  o b ta in e d  u s in g  t h i s  v a lu e  a re  
g iv en  in  Table 11 and F ig . 8 .
From th e  s lo p e  and in t e r c e p t  o f  th e  l in e  o f  F ig . 8 
and th e  assumed v a lu e  o f K3 th e  fo llo w in g  s e t  o f  r e s u l t s  can be 
o b ta in e d :
K3 = 20 l i t r e  s/m ole
s  12 X 10“^  l i t r e s / m o l e ,  s e c .
k^  = 35 X 10"^ l i t r e s / m o l e ,  sec,
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TilBLE 11 -  C a lc u la tio n s  f o r  th e  r e a c t io n  between a c e ty l  t r i f l u o r o a c e t a t e  
and p -  ch lo ro p h en o l (O .O l M) in  th e  absence o f t r i f l u o r o a c e t i c  
a c id  u sin g  K3 * 2o l i t r e s / n o l e .
Average anhydride m o la r i ty  
du rin g  th e  r e a c t io n
1 . .  . I .
i
kg X 10^  ( s e c , ”^)
( k y + 2 0  k„) X 10* 
l i t r e s /m o le ,  s e c .)
0 .0 1 4 0 .2 6 24
.037 0 .3 1 38
.037 0 .6 5 31
.043 0 .9 4 41
.053 1 .4 5 54
.078 1 .90 62
.030 1.90 62
.083 2 .4 77
.034 2 .6 83
.039 2 .7 86
.096 2 .6 80
.101 2 .3 83
.103 3 .0 87
.123 3 .6 103
.144 4 J 115
.167 4 .6 119
.200 6 .4 161
.219 6 .2 153
.302 10 .0 238
.330 11 .5 258
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I t  i s  d i f f i c u l t  t o  decide  i f  th e  v a lu e  o f  re q u ire d  i s  
re a so n a b le  o r n o t .  S im ila r  e q u i l i b r i a  have been s tu d ie d  in  v a r io u s  
s o lv e n ts  bu t i t  i s  d i f f i c u l t  t o  t e l l  to  what e x te n t th e  r e s u l t s  
o b ta in e d  can be a p p lie d  h e re .  Same of th e  more r e le v a n t  r e s u l t s  a re  
c o n s id e red  below .
A s tu d y  o f th e  system  e th a n o l p lu s  a c e t i c  anhydride in  
carbon t e t r a c h lo r id e  a t  25® gave an a s s o c ia t io n  c o n s ta n t o f  2 
l i t r e s /m o le  (7 0 ) . Under th e  same c o n d it io n s  e th a n o l p lu s  e th y l  
a c e ta te  g iv e s  an a s s o c ia t io n  c o n s ta n t o f 1 .7  l i t r e s /m o le  (70) and 
phenol p lu s  e th y l  a c e ta te  g iv e s  a  c o n s ta n t o f about 8 l i t r e s /m o le  
(7 1 ) .  On t h i s  b a s is  an a s s o c ia t io n  c o n s ta n t o f  about 10 l i t r e s /m o le  
i s  ex p ec ted  f o r  pheno l p lu s  a c e t i c  a n h y d rid e . In  t r a n s f e r r in g  to
ch lo ro p h en o l p lu s  a c e ty l  t r i f l u o r o a c e t a t e  we have a  s tro n g e r  p ro to n  
donor ( s e e ,  e . g . ,  72) bu t a weaker p ro to n  a c c e p to r  (due to  th e  
e le c t r o n  w ith  draw ing e f f e c t  o f  th e  f lu o r in e  a to m s)• S ince th e  l a t t e r  
e f f e c t  i s  p ro b ab ly  th e  l a r g e r  i t  appears t h a t  th e  assumed value  of 
K3 (20 l i t r e s /m o le )  i s  to o  la rg e  by a f a c to r  o f 2 o r m ore.
Use o f  a  v a lu e  o f K3 n e a re r  to  th e  low er end o f  th e  
p o s s ib le  range  (betw een 5 and 50 l i t r e s /m o le )  would be in  b e t t e r  
acco rd  w ith  the o th e r  w ork. However, s in ce  a v a lu e  o f 20 l i t r e s /m o le  
g iv e s  th e  b es t i n t e r p r e t a t i o n  o f th e  r e s u l t s  o b ta in ed  h e re ,  t h i s  
v a lu e  w i l l  be r e ta in e d  a lth o u g h  th e  d isc rep an cy  w ith  th e  p rev io u s  
r e s u l t s  i s  a p p re c ia te d .
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B» Product and Rato o f th e  R éac tio n  between Phenols and A cety l 
T r i f lu o ro a c e ta te
I t  has "been re p o rte d  by e a r l i e r  w orkers t h a t  th e  r e a c t io n  
o f a c e ty l  t r i f l u o r o a c e t a t e  w ith  phenol and some f lu o ro a lc o h o ls  g iv es  
th e  a c e ta te  a s  th e  so lo  p ro d u c t under a v a r i e ty  o f c o n d itio n s  (53)*
T his r e s u l t  i s  now extended to  a t o t a l  o f  e lev en  pheno ls f o r  th e  
r e a c t io n  in  d i l u t e  carbon te t r a c h lo r id e  so lu tio n #  I t  has been 
su g g ested  (53 ) th a t  th e  a c e ta te  i s  ob ta in ed  because  pheno ls  a re  no t 
s u f f i c i e n t l y  n u c le o p h il ic  to  r e a c t  w ith  th e  u n io n ised  anhydride  and 
co n seq u en tly  r e a c t io n  occurs v ia  th e  ac e ty liiu n  io n  to  g iv e  th e  a c e ta te #  
From th e  k in e t i c  r e s u l t s  re p o rte d  h e re  i t  app ears  th a t  th i s  i s  not th e  
case  f o r  th e  r e a c t io n  in  d i l u t e  carbon t e t r a c h lo r id e  so lu tio n #  I t  
ap p ears  th a t  th e  r e a c t io n  in v o lv e s  a d i r e c t  a t ta c k  by th e  phenol on 
th e  anhydride#
P re v io u s ly  i t  has been assumed th a t  such a d i r e c t  r e a c t io n  
g iv e s  the  t r i f l u o r o a c e t a t e  ex cep t in  th e  case  o f a few h ig h ly  b a s ic  
and s t e r i c a l l y  h in d ered  a lc o h o ls  (53)* To e x p la in  t h e i r  r e s u l t s  w ith  
a c e ty l  c h lo r o a l ip h a t ic  an h y d rid es  lünery and Gold ( 51 ) su g g ested  th a t  
a t ta c k  by th e  n u c le o p h ile  occu rs  a t  th e  c h lo r o a l ip h a t ic  carbony l 
group u n le s s  t h i s  i s  p rev en ted  by s to r i c  h indrance#  S te r ic  e f f e c t s  
in  th e  r e a c t io n  o f  a c e ty l  t r i f l u o r o a c e t a t e  w i l l  be much sm a lle r  th an  
th o se  in  th e  r e a c t io n s  o f  th e  ch lo ro an liy d rid es  s tu d ie d  by Emery and 
Gold due to  th e  sm a lle r  s iz e  o f th e  f lu o r in e  atom# A lthough s t e r i c  
e f f e c t s  may be im p o rtan t in  r e a c t io n s  w ith  s t e r i c a l l y  h in d e red  a lc o h o ls  
th ey  w i l l  be v e ry  sm all in  th e  r e a c t io n  bet^veen a c e ty l  t r i f lu o r o a o o ta te
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and ra -  and £  -  s u b s t i tu te d  phenols# The d if f e r e n c e  in  s t e r i c  
h in d ra n ce  a t  th e  a c e ty l  and t r i f l u o r o a c e ty l  carbony l g roups i s  
c e r t a ih ly  n o t s u f f i c i e n t  to  e x p la in  th e  f a c t  th a t  o n ly  th e  phenyl 
a c e ta te  occurs in  th e  product#
A c lo s e r  exam ination  o f th e  r e a c t io n  makes i t  p o s s ib le  
to  e x p la in  th e  p ro d u c tio n  o f th e  phenyl a c e ta te s #  H ith e r to  i t  has 
u s u a lly  been assumed th a t  th e re  a re  on ly  two p o s s ib le  mechanisms^ 
th o se  u s u a lly  c a l le d  S'nI  and Sn2. In  th e  f i r s t  case  io n is a t io n  o f 
th e  anhj^dride occu rs  b e fo re  th e re  i s  any r e a c t io n  w ith  th e  phenol#
The p ro d u c t i s  determ ined  by th e  manner o f  io n is a t io n  and th i s  i s  
d ec id ed  by th e  r e l a t i v e  s t a b i l i t y  o f th e  fragm en ts  r e s u l t in g  from 
th e  two p o s s ib le  modes o f io n is a tio n #  As a r e s u l t  io n i s a t io n  occurs 
to  g iv e  th e  ao e ty liu m  io n  and t h i s  then  r e a c t s  w ith  th e  phenol to  
g iv e  th e  a c e ta te #  In  th e  second case  th e  i n i t i a l  and most' im p o rtan t 
movement i s  th e  a t ta c k  by th e  phenol on th e  anhydride# S ince th e  
phenol i s  a  n u c le o p h ile  t h i s  a t ta c k  occurs a t  th e  most p o s i t iv e  o f 
th e  two carbohy l carbon  atom s, th a t  i s  th e  one a t  th e  t r i f l u o r o a c e ty l  
end o f th e  m olecule# A f te r  t h i s  a t ta c k  has tak en  p la c e  th e  a c e ta te  
an io n  s e p a ra te s  le a v in g  phenyl t r i f l u o r o a c e t a t e  as  the  p ro d u c t o f 
th e  re a c tio n #  The Swl r e a c t io n  i s  f i r s t  o rd e r  in  th e  anhydride  only  
w h ile  th e  8nr2 r e a c t io n  i s  f i r s t  o rd e r  in  th e  anhydride  and ih  th e  
p h e n o l•
D uring bo th  th e  SnI  and r e a c t io n s  one carbon  to
bowl
oxygen/^is formed and one i s  broken# The p ro d u c t o f th e  S«1 re a c t io n  
i s  determ ined  by bond f i s s io n  and th a t  o f th e  3ir2 r e a c t io n  by bond 
form ation#  I t  i s ,  however, p o s s ib le  f o r  th e  cou rse  o ftb e  r e a c t io n
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to  be determ ined  by th e  sum o f th o se  two p ro cesses#  In  t h i s  case  
th e  p ro d u c t o b ta in ed  depends on t h e i r  r e l a t i v e  im portance ( 32 , 64 )* 
"Die r e a c t io n  be tv/eon an hydroxy-compound and a c e ty l  
t r i f l u o r o a c e t a t e  can , in  th e  g e n e ra l c a se , be w r i t te n :
0
0
0
a
0
R H
(R e ac tio n s  2 and 3 d isc u sse d  above w i l l  bo o f t h i s  form# In  r e a c t io n  
3 th e  hydroxyl hydrogen i s  hydrogen bonded to  a  second m olecule o f  
a n liy ir id e  b u t t h i s  does n o t e f f e c t  th e  g e n e ra l scheme)#
Here arrow  a r e p re s e n ts  th e  bond form ing p ro ce ss  and arrow  b th e  
bond b reak in g  p rocess*  These p ro c e sse s  need n o t be in  stop# In  th e  
HwL r e a c t io n  d e sc rib e d  above b i s  f a r  in  advance o f a and in  th e  
Sw2 r e a c t io n  a i s  f a r  in  advance o f b#
U nless b i s  f a r  in  advance o f a ,  as in  th e  Swl r e a c t io n  
d e sc r ib e d  above, th e  r e a c t io n  w i l l  be b im o lo cu la r and hence k i n e t i c a l l y  
Sw2# Howovor, i f  p ro c e ss  a i s  d i f f i c u l t  (when ROE i s  a weak nu cleo ­
p h i l e ) ,  a lth o u g h  a and b may occur to g e th e r th e y  w i l l  no t be in  s te p ,  
b w i l l  le a d  a and th e  p ro d u c t o b ta in ed  w i l l  bo determ ined  by p ro cess  b . 
That i s  th e  p ro d u c t w i l l  be determ ined  by th e  bond f i s s io n  and th u s  
be th e  same a s  th a t  ob ta in ed  from an S td l re a c tio n #  I f ,  on th e  o th e r
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hand, p ro c e ss  a i s  easy  (ROH i s  a pow erful n u c le o p h ile )  a  w i l l  le a d  
h and th e  p ro d u c t expected  from a "pure” Sw2 r e a c t io n  w i l l  r e s u l t .
Thus e i t h e r  produc#:, th e  a c e ta te  expected  from an Swl 
r e a c t io n  o r  th e  t r i f l u o r o a c e t a t e  expected  from a ’’pure'* Sf>2 r e a c t io n ,  
can he o b ta in ed  from a r e a c t io n  which i s  k i n e t i c a l l y  3w2* Also i t  i s  
to  be expected  th a t  weak n u c le o p h ile s  w i l l  g iv e  th e  a c e ta te  b u t 
s tro n g  n u c le o p h ile s  th e  t r i f lu o r o a c e ta te #  Thus i t  i s  p o s s ib le  to  
e x p la in  th e  fo rm atio n  o f  th e  a c e ta te s  from  phenols s in c e  th e se  a re  
weak n u c leo p h ile s#
Even w ith  weak n u c le o p h ile s ,  such as  p h en o ls , th e  bond 
form ing  p ro c e ss  (p ro c e s s  a ) i s  s t i l l  im p o rtan t and changes in  th e  
phenol Tfdiich f a c i l i t a t e  t h i s  p ro c e ss  w i l l  speed up th e  re a c tio n #
T his i s  shown by th e  v a r i a t io n  o f  th e  r a t e  o f r e a c t io n  w ith  d i f f e r e n t  
pheno ls ( s e e  s u b -s e c tio n  s)#  I t  a ls o  e x p la in s  th e  e f f e c t  o f hydrogen 
bonding on th e  r a t e  o f r e a c t io n  of £  -  ch lo ro p h en o l.
The r e s u l t s  o b ta in ed  in  s u b -s e c tio n  C show th a t  th e  r a t e  
o f r e a c t io n  betw een th e  a n h j^ r id e  and £  -  ch lo ropheno l hydrogen bonded 
to  a second m olecule o f anhydride  i s  th re e  tim es as g r e a t  as th e  r a t e  
o f  r e a c t io n  w ith  i s o la te d  £  -  ch lorophenol#  This i s  due to  th e  change 
in  e le c tro n  d e n s i ty  on th e  p h en o lic  oxygen atom broug l*abou t by 
hydrogen bond form ation#
When a hydrogen bond i s  formed th e r e  i s  some t r a n s f e r  o f 
n e g a tiv e  charge from th e  p ro to n  a c c e p to r  ( i n  t h i s  ca se  a c e ty l  t r i f l u o r o ­
a c e ta te )  to  th e  p ro to n  donor ( i n  t h i s  case  £  -  ch lo ropheno l)#  Obis 
r e s u l t s  in  an in c re a se  in  th e  e le c t r o n  d e n s i ty  on th e  p h en o lic  oxygen 
atom and an in c re a se  in  th e  n u c le o p h il ic  power o f t h i s  atom# Thus i t
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i s  to  be expected  th a t  th e  hydrogen bonded phenol w i l l  r e a c t  more 
r a p id ly  w ith  th e  anhydride  ao i s  found to  be the  c a s e .
A f u r th e r  p o ih t  now a r i s e s .  I f  th e  e le c t r o n  d e n s ity  
on th e  p h e n o lic  oxygen atom i s  in c re a se d  s u f f i c i e n t ly  th e  phenol 
w i l l  becon© so n u c le o p h il ic  th a t  p ro c e ss  a (bondform ation) w i l l  
come to  le a d  p ro c e ss  b (bond f i s s i o n ) .  R eactio n  w i l l  th en  s h i f t  to  
th e  t r i f l u o r o a c e ty l  end of the anhydride  m olecule and th e  t r i f l u o r o ­
a c e ta te  be form ed. This e f f e c t  i s  seen  in  tîio two phase r e a c t io n s  d i s ­
cussed  e a r l i e r  ( s u b - s e c t io n  b ) .  Here r e a c t io n  i s  w ith  th e  phenoxide 
io n . This may be reg ard ed  as  an extrem e Case o f hydrogen bonding 
where th e  p ro to n  has been co m ple te ly  removed from th e  p ro to n  donor#
The r e s u l t i n g  io n  i s  v e ry  nuclooph ic  and r e a c t s  r a p id ly  to  g iv e  th e  
t r i f l u o r o a c e t a t e •
' ,
The occu rrence  o f  a c e ta te  in  th e  p ro d u c ts  o f  some o f  th e
: !
two phase r e a c t io n s  b u t n o t o f a l l  i s  no t e x p lic a b le  on th i s  b a s is  and 
t h i s  e f f e c t  rem ains anom alous.
The r e a c t io n  betw een a c e ty l  t r i f l u o r o a c e t a t e  and t o t r a  -  
n. -  butylammonium phenoxide d ip h e n o la te  in  carbon t e t r a c h lo r id e  i s  
a ls o  accounted f o r  s in c e  hero  th e  phenol i s  e i t h e r  p re s e n t  ao 
phenoxide io n s  o r i s  v e ry  s tro n g ly  hydrogen bonded. In  e i t h e r  case  
th e  p h en o lic  oxygen atom i s  s u f f i c i e n t ly  n u c le o p h il ic  to  g iv e  ra p id  
fo rm atio n  o f th e  t r i f lu o r o a c e ta te #
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E» The E ffo o t o f S u b s t i tu e n ts  in  th e  Phenol
2 shows th a t  the f i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  th e  
r e a c t io n  o f s ix  m and 2  ** s u b s t i tu te d  pheno ls w ith  a c e ty l  t r i f l u o r o -  
a c e ta te  under th e  same c o n d it io n s ,  fo llo w  th e  Hammett equation»  The 
v a lu e  of p  ( th e  r e a c t io n  c o n s ta n t)  i s  ~0*85» S ince bo th  r e a c t io n s  
2 and 3 co n sid e red  in  s u b -s e c tio n  C a re  n u c le o p h il ic  a t ta c k s  o f  the  
phenol on th e  anhydride  a n e g a tiv e  v a lu e  f o r  ^  i s  to  be expected*
Line A i s  o b ta in ed  u s in g  th e  g e n e ra l ly  accep ted  Hammett 
s u b s t i tu e n t  c o n s ta n ts  (< r )  d e riv e d  from  the  io n is a t io n  c o n s ta n ts  o f 
th e  co rresp o n d in g  benzo ic  a c id s  (62)*  These G "values a r e ,  in  some 
c a s e s , e f f e c te d  by d i r e c t  resonance in te r a c t io n  in  th e  s u b s t i tu te d  
b en zo ic  ac id s*  Thus, f o r  exam ple, in  2  -  m ethoxybenzoic ac id  d i r e c t  
i n t e r a c t io n  i s  p o s s ib le s
4)
0
Mee 0
H
The l v a l u e  o f th e  2  ~ methoxy group d e riv ed  from th e  io n is a t io n  o f  
t h i s  ac id  i s  th e re fo re  l a r g e r  th an  ivotild be o b ta in ed  i f  such  d i r e c t  
in te r a c t io n  d id  n o t occur* S ince i n t e r a c t io n  o f  t h i s  s o r t  i s  no t 
p o s s ib le  in  pheno ls  th e  v a lu e  i s  no t a p p lic a b le  to  t h e i r  r e a c tio n s*  
This d i f f i c u l t y  i s  overcome by th e  use  o f CT  ^ v a lu e s  ( 63 )* These a re  
d e riv e d  d i r e c t l y  from th e  io n is a t io n  c o n s ta n ts  o f  benzo ic  a c id s  on ly
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in  th o se  c ases  where th e re  i s  no d i r e c t  resonance in te ra c t io n *  Values 
f o r  2  -  raethoftçy and s im i la r  groups a re  o b ta in ed  from r e a c t io n  s e r i e s  
in  which d i r e c t  resonance in te r a c t io n  i s  n o tp o s s ib le  f o r  th e se  g ro u p s . 
In  t h i s  way a com plete s e t  o f v a lu e s  i s  e s ta b l is h e d  (63)*  I t  i s
th e se  v a lu e s  which a re  a p p lic a b le  to  th e  r e a c t io n s  o f  th e  pheno ls used 
h e re  s in c e  in  none o f  th e se  i s  d i r e c t  resonance  in te r a c t io n  p o ss ib le *  
As i s  to  be expected  on t h i s  b a s is ,  l i n e  B, which i s  o b ta in ed  u s in g  
Q- v a lu e s ,  i s  a b e t t e r  f i t  than l i n e  A*
U n fo rtu n a te ly  th e  s i t u a t io n  i s  n o t as  sim ple as  t h i s .
F i r s t ly ^ th e  v a lu e s  o f k . used in  Fig* 2 do n o t app ly  to  th e  r e a c t io n
in  th e  absence o f  t r i f l u o r o a c e t i c  a c id ,  i . e .  th ey  a re  n o t v a lu e s  
b u t average f i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  r e a c t io n s  in  which th e  
c o n c e n tra tio n  o f t r i f l u o r o a c e t i c  a c id  changes s ig n i f ic a n t ly *  In  th e  
case  o f p -  ch lo ro p h en o l, th e  only  phenol f o r  which v a lu e s  o f k  a re  
known, i t  i s  found t h a t  m  p r a c t ic e  k^ i s  p ro p o r tio n a l  to  k^* I f  
t h i s  i s  so in  a l l  c a s e s , and a ls o  th e  p r o p o r t io n a l i ty  c o n s ta n t i s  
th e  same in  a l l  c a s e s , th en  f o r  th e  pu rposes o f a Hammett p lo t  k j
can be used in s te a d  o f k  .0
Secondly i s  n o t a sim ple r a t e  c o n s ta n t,  i . e .  i t  i s
n o t th e  r a t e  c o n s ta n t o f  a s in g le  r e a c t io n  b u t i s  com posite b e in g
g iv en  by ( s e e  s u b -s e c tio n  C):
k = (A) +O -       "
1 + ( a )
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Since ( a ) i s  c o n s ta n t f o r  th e  s e t  o f r e a c t io n s  under 
d is c u s s io n ,  wo can pu ts
k «2 = kg(A ), k^ -  k j(A ) and K '^  -  K ^(a)
T his g iv e s :
k  .  ^' 2  +O I .....
1 +
I f  r e a c t io n s  2 and 3 and eq u ilib riu m  3 fo llo w  th e  Hammett e q u a tio n , 
we can w rite s
k« « k ' e k \  = k \  e^ and K« -
2 O c 3 0 3  3 0 3
w here: q^ * 2 th e  v a lu e s  of k*^ e t c .  f o r  phenol i t s e l f .
Now we can w rite s
fK cr
k « o"^  2 " 0 3 0 3
I f : p  g « a and: p^= 0 t h i s  reduces to :
^  = ^0^*2 + o:='3 0^*3)
1 + 0^*3
o ^ 'a  + 0^*3
^ + 0^*3
i s  th e  v a lu e  o f k  f o r  phenol i t s e l f ,  i . e .  i t  i s  k  .o 0 0
T h erefo re  we now haves
k = k e 'o 0 0
kp rs  lo g  J o  O '
0*^ 0
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T his i s  th e  normal Hammett equation*  Thus i t  i s  on ly  i f  th e  
assum ptions made h e re  a re  c o r r e c t  th a t  a p lo t  o f  lo g  a g a in s t  
shou ld  ho a s t r a i g h t  l in e *  L e t us examine th e  assum ptions th a t*
Ç 2 * 3
The f i r s t  o f th e se  assum ptions i s  th a t  th e  r e a c t io n  between 
th e  phenol and th e  anhydride  has th e  same s e n s i t i v i t y  to  s u b s t i tu e n ts  
in  th e  phenol a s  does the  r e a c t io n  between hydrogen bonded phenol and 
th e  anhydride* T his i s  e q u iv a le n t to  re g a rd in g  th e  hydrogen bond as 
a second s u b s t i tu e n t  and say in g  th a t  th e  e f f e c t s  o f  th e  two sub­
s t i t u e n t s ,  th e  hydrogen bond and th e  r in g  s u b s t i tu e n t ,  on th e  a c t i ­
v a t io n  energy  of th e  r e a c t io n  a re  a d d itiv e *  I f  two s u b s t i tu e n ts  a re  
p re s e n t in  th e  r in g  t h e i r  e f f e c t s  a re  o f te n  a d d i t iv e  (73)* S ince th e  
hydrogen bonds co n s id e red  h e re  a re  n o t e s p e c ia l ly  s tro n g  in te r a c t io n s  
i t  seems q u i te  p la u s ib le  th a t  t h i s  p r in c ip le  o f a d d i t i v i t y  a p p l ie s  
h e re  and t h a t ,  so n seq u en tly  , 2 ~ ^ 3  assumed *
The second assum ption  r e l a t e s  to  th e  e q u ilib r iu m  between 
f r e e  and hydrogen bonded phenol* The s tr e n g th  of th e  hydrogen bond 
a f f e c t s  th e  r e a c t io n  in  two ways* F i r s t l y  th e  s tro n g e r  th e  bond th e  
g r e a te r  th e  d if f e re n c e  i n i e a c t i v i t y  betw een th e  f r e e  and the  hydrogen 
bonded p h en o l. Secondly th e  s tro n g e r  th e  bond th e  g r e a te r  th e  
e q u ilib r iu m  c o n c e n tra tio n  o f  hydrogen bonded p h en o l. 'Thus an in c re a se  
in  tho s tr e n g th  o f th e  hydrogen bond has two supplem entary  e f f e c t s  
and w i l l  in f lu e n c e  th e  r a t e  o f r e a c t io n  c o n s id e ra b ly . Tho r e s u l t s  o f 
Bhovnik and Basu (72) show th a t  th e  s tr e n g th  o f  th e  hydrogen bond 
i s  in flu e n c e d  by s u b s t i tu e n ts  in  th e  phenol* The a s s o c ia t io n  c o n s ta n ts
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f o r  pheno ls and te tra h y d ro fu ra n , d ioxan  and d ie th y le th e r  in  
oylohoxano fo llo w  th e  Hammett eq u a tio n  w ith  a  p  v a lu e  o f  about 0*4•
Prom t h i s  i t  i s  most u n l ik e ly  t h a t  ^  in  our case  i s  z e ro , o r n e g l ig ib le ,  
and th e  second assum ption  i s  n o t ju s t i f i e d *
There a re  two p o s s ib le  e x p la n a tio n s  f o r  th e  f a c t  th a t  
k^ obeys th e  Hammett eq u a tio n s
1* This agreem ent i s  f o r tu i to u s *  That i s  a lthough  th e  assum ptions 
which must be made to  show th a t  k^ should  obey th e  Hammett eq u a tio n  
a re  no t a l l  c o r r e c t ,  th e  e r r o r s  invo lved  in  making th e se  assum ptions 
ca n ce l out in  th e  r e s u l t*
2* k^ i s  in  f a c t  th e  r a t e  c o n s ta n t o f a  s in g le  r e a c t io n ,  in  t h i s  
case  th e  mechanism proposed in  s u b -s e c tio n  C i s  in c o r re c t*  I f  t h i s  
i s  so wo a re  l e f t  w ith o u t an  o x p lan a tio n  o f  th e  r e s u l t s  shown in  
Pig* 5* In  o rd e r  to  m a in ta in  agreem ent w ith  th e  e x p la n a tio h s  o f  
o th e r  r e s u l t s  th e  f i r s t  o f those  a l t e r n a t iv e s  w i l l  b e  assumed to  
be c o rre c t*
JO -  S u b s t i tu e n ts  cen have th re e  e f f e c t s :  e le c t r o n ic
( a s  occur w ith  m -  and 2  -  s u b s t i t u e n t s ) ,  s t e r i c  and th e  fo rm atio n  
o f  in tra m o le c u la r  hydrogen bonds* Tîie e le c t r o n ic  e f f e c t s  a r e ,  v e ry  
ap p ro x im a te ly , th e  same as  th o se  o f  the e q u iv a le n t 2  “* s u b s t i tu e n ts *
The r a t e s  o f  r e a c t io n  o f e q u iv a le n t 2  "* uud 2  -  s u b s t i tu te d  phenols 
a r e :
2  -  c re s o l  2*5 x 10 ^ sec* ^ 2  *" ch lo ropheno l 1*35 x 10 ^ sec* ^
2  -  c re s o l  8*5 x  10 ^ sec* ^ 2  ** ch lo ropheno l 3*8 x 10 ^ sec*
— 9® —
2 - methoxyphenol 1*55 x 10 ^  sec* ^  2  lii trophenol 0*011 x 10 sec* ^
2  - methoxyphenol 8*9 z 10 ^ sec  ^ 2  " nitrophenol O.5O x 10 ^  sec. ^
( th e  v a lu e  S&r2  -  n i tro p h e n o l i s  o b ta in ed  by th e  e x tr a p o la t io n  o f
l i n e  A o f P ig . 2 u s in g  5  ^ v a lu e  o f 1*2?)*
In  th e  case o f th e  c r e s o l s ,  where th e re  i s  no in tro m o lo o u ia r  
hydrogen bonding, moving th e  s u b s t i tu e n t  from th e  2. to  th e  2  ~ p o s i t io n  
d e c re a se s  th e  r a t e  by a  f a c to r  o f  3*4* Tlie co rresp o n d in g  f a c to r  f o r  th e  
ch lo ro p h o n o ls  i s  2*8 and f o r  tho mothoxyphenols 5*7» These f a c to r s  a re  
a l l  o f  com parable s iz e  and a re  what m ight be expected  from th e  s t e r i c  
e f f e c t s  o f  th o se  s u b s t i tu e n ts *  I t  ap p ears  t l ia t  th e  occu rren ce  of 
in tra m o le c u la r  hydrogen bonding in  2  ~ c h lo ro  and 2  ** mothosgphenol 
has l i t t l e  e f f e c t  on th e  r a t e  o f re a c tio n *  This i s  p o s s ib ly  because 
a lth o u g h  in tra m o lo c u la r  hydrogen bonds o n ly  occur in  th e  2  “* compounds 
th e  2  *“ compounds form in te rm o le c u la r  h:^TOQen bonds* As a  r e s u l t  th e  
main a f f e c t  on go ing  from a 2  to  an 2  compound i s  to  re p la c e  i n t e r ­
m o lecu la r hydrogen bonds by in tra m o le c u la r  ones w ith  no g re a t  r e s u l t a n t  
in c re a se  in  r e a c t i v i t y .
On going  from 2  -  n itro p h e n o l to  2  "  n itro p h e n o l th e  r a t e  
o f r e a c t io n  d e c re a se s  by a f a c to r  o f  45® This la rg o  v a lu e  i s  due to  
th e  g r e a te r  s t e r i c  h in d ran ce  in  2  *“ n itro p h e n o l th an  in  th e  o th e r  
2  -  compounds considered*  Again th o  occurrence o f an  in tra m o lo c u la r  
hydrogen bond in  th e  2  ~ c u b s t i tu te d  conqpcund i s  o f lo s s  im portance 
th an  th e  in c re a sed  s t e r i c  h in d ran ce  r e l a t i v e  to  th e  2  -  compound.
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F* The D euterium  Iso to p e  E ffe c t
The deu terium  iso to p e  e f f e c t  on th e  f i r s t  o rd e r r a t e  
c o n s ta n t f o r  th e  r e a c t io n  between phenol and a c e ty l  t r i f l u o r o a c e t a t e  
i s  sm all* The a c tu a l  v a lu e  i s :
® =. 1 .2
w here: « average f i r s t  o rd e r r a t e  c o n s ta n t f o r  phenol
kjj « average f i r s t  o rd e r  r a t e  c o n s ta n t f o r  phenol -d
The maximum v a lu e  fo r  th e  p rim ary  deu terium  iso to p e  e f f e c t  
on an hydroxyl group r e a c t io n  i s  about 11*5 (74)* This maximum e f f e c t  
on ly  occu rs  when th e  h y d ro iy l ic  hydrogen atom i s  e i t h e r  n o t bonded a t  
a l l  in  th e  t r a n s i t i o n  s t a t e  o r i s  sy m m etrica lly  p laced  between two 
atoms ( 75 )* I f  th e  h y d ro x y lic  hydrogen atom i s  e i t h e r  s t i l l  f u l l y  
bonded in  i t s  o r ig in a l  p o s i t io n  o r co m p le te ly  t r a n s f e r r e d  to  a new
p o s i t io n ,  th e  p rim ary  iso to p e  e f f e c t  d rops to  1* The r e s u l t  ob ta in ed
h e re  i s  thuc  f u l l y  c o n s is ta n t  w ith  th e  mechanism d isc u sse d  in  sub­
s e c t io n  D s in c e  in  t h i s  mechanism th e re  i s  no change in  the  hydrogen- 
oxygen bond d u rin g  th e  r a t e  d e te rm in in g  p rocesses*
The s l i g h t  d e v ia t io n  from 1 in  th e  ex p erim en ta l r e s u l t  i s  
due to  secondary  is o to p ic  e f fe c ts *  In  t h i s  case th e se  e f f e c t s  a r i s e  
m ainly  from th e  change in  th e  e q u ilib r iu m  c o n s ta n t f o r  th e  a s s o c ia t io n  
between phenol and th e  anhydride* S ince th e  v a lu e  o b ta in ed  i s  
s l i g h t l y  g r e a te r  th a n  1 i t  appears  th a t  th e  d eu terium  bond in  t h i s  
case  i s  s l i g h t l y  w eaker than  th e  hydrogen bond*
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G» The R eaction  between p -  C hlorophenol and A cety l T r if lu o ro a o e ta te  
in  th e  p resen ce  o f T r i f lu o r o a c e t ic  Acid
The f i r s t  o rd e r  r a t e  c o n s ta n ts  f o r  r e a c t io n  in  th e  p resen ce  
o f t r i f l u o r o a c e t i c  a c id  a re  p lo t te d  a g a in s t  th e  t o t a l  a c id  c o n c e n tra tio n  
in  F ig . 4* In  th e  p resen ce  of t r i f l u o r o a c e t i c  a c id  th e  r e a c t io n  i s  
f a s t e r  th a n  in  i t s  absence b u t i s  s t i l l  f i r s t  o rd e r  in  2  •  ch lo ropheno l 
and g iv es  th e  a c e ta te  as  the  s o le  p ro d u c t.
When t r i f l u o r o a c e t i c  ac id  i s  added to  a s o lu t io n  of a c e ty l  
t r i f l u o r o a c e t a t e  and 2  -  ch lo ropheno l th e  system  becomes c o n s id e ra b ly  
more com plex. The fo llo w in g  p o s s ib le  e q u i l i b r i a  and r e a c t io n s  a re  
re le v a n t*
H + -  «2 ^ 1
H A  r... — ^ K . A K g
A + " r -  ^ A.P >^ 3
H 4. P . “ H.P K^ \ 4
A + P  ^ a c e ta te  kg
A + A.P ------- )  a c e ta te  k^
A + H .P  ) a c e ta te
H « t r i f l u o r o a c e t i c  a c id ,  H.P « a complex o f  one m olecule o f ac id  
and one m olecule of 2  -  ch lo ropheno l and th e  o th o r symbols a re  as  in  
s u b -s e c tio n  C.
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The r a t e  o f  r e a c t io n  i s :
Hate -  kg ( a ) ( p ) + k^ ( a)(A .P )  + k^ ( a) ( h . p )
.  kg (A )(P ) + k j  Kj ( a) ^ ( p ) + k^ K^(a) ( h ) ( p )
E x p erim en ta lly  th e  r a t e  ie  g iv en  by*
Rato a k ( f )^. where (p )^  i s  the  form al c o n c e n tra tio n
of 2  -  ch lo ropheno l
-  k  [ ( p )  + (A .P) + ( R .P ) ]
= k  (P ) [ l  + Kj(A) + (H) j
T h erefo re  t
k [ l  + Kj(A) + K^( a ) ]  -  kg(A) + k^ (A)2 + k^ ( a) ( h)
To proceed any f u r th e r  i t  i s  n ec e ssa ry  to  make some 
assu m p tio n s. I f  i t  i s  assumed th a t  ( a ) i s  c o n s ta n t d u r in g  a s e r i e s  
o f ru n s  a t  c o n s ta n t form al anhydride  c o n c e n tra tio n  ( t h a t  is  assume 
th a t  th e  amount o f A removed by e q u i l i b r i a  2 and 3 i s  n e g l ig ib le )  
t h i s  e q u a tio n  can be w ritte n *
k + a ( H )J  .  b+ o (H) 
where* a » ^4
1 + K) ( a)
b = kg(A) + k j  Kj (A)2
1 + (A)
c .
1 + K] (A)
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I f  i t  i s  a ls o  assumed th a t  th e  amount o f H removed by 
e q u i l i b r i a  2 and 4 i s  n e g l ig ib le ,  ( h ) i s  t h a t  p re d ic te d  by e q u ilib r iu m
1 . S ince i s  knovm (? 6 )  to  be 63 l i t r e s /m o le  i t  i s  p o s s ib le  to  
c a lc u la te  ( h ) from th e  form al a c id  c o n c en tra tio n *  C orresponding  ' 
v a lu e s  o f (n )  and k  a re  l i s t e d  in  Table 12 and p lo t te d  in  P ig . 9*
TABLE 12 -  C a lc u la tio n s  fo r  th e  r e a c t io n  botv/een a c e ty l  t r i f l u r o r a c e t a t e  
and 2  -  ch lo ropheno l (O.Ol M) in  th e  p resen ce  o f  t r i f lu o ro *  
a c e t ic  a c id .
R eaction  s e r i e s
F in a l t o t a l  
a c id  m o la r i ty
I
F in a l monomeric 
ac id  m o la r ity k X 10^ ( s e c .~ ^ )
lo  0,051  M anhydride 0.0104 0.0059 1 .90
p lu s  0.0104  n .0361 .0133 3.9
2  -  ch lo ropheno l .0618 .0185 5 .5
.874 .0226 6 .9
.1131 .0263 8 .3
2 . 0.086  M anhydride 0.0097  ' 0.0056 3 .8
p lu s  0.0097  M .0272 .0112 7 .4
2  -  ch lo ropheno l .0448 *0155 10 .0
.0623 .0186 12 .0
.0798 .0215 14 .0
#0973 .0240 , 17 .5
3* 0.116  M anhydride 0.0113 0.0063 6 .3
p lu s  0 .0113 M .0216 .0096 8 .3
2  -  ch lo ropheno l .0318 .0123 10 .5
.0421 .0147 12 .5
.0524 .0168 14 .5
.0627 .0185 15 .0
.0729 .0203 16 .0
.0832 .0220 17*0
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The cu rv es  o f  F ig . 9 a rc  concave tow ards th e  r a t e  c o n s ta n t 
a x is  w hereas tho  r e la t io n s h ip  o b ta in ed  above p r e d ic ts  t h a t  th ey  should  
bo convex ( o r ,  i f  a i s  sm a ll, a s t r a i g h t  l i n e ) .  Thus t h i s  th eo ry  does 
n o t accoun t f o r  th e  r e s u l t s .
F u r th e r  c o n s id e ra t io n  o f th e  r e la t io n s h ip :  
k  [^1 + a ( S ) ]  = b + o ( e )
shows th a t  th e  r e s u l t s  canno t be s a t i s f a c t o r i l y  accounted  f o r  by means 
o f th e  a d d i t io n a l  e q u i l i b r i a  and r e a c t io n s  assumed to  occur when th e  
a c id  i s  added* This r e la t io n s h ip  can be w r i t te n :  
k  =
1 + a ( h) 1 + a (H)
Comparison w ith  S e c tio n  I I I ,  s u b -s e c tio n  P shows th a t :  
b , _ . oa k  and: =* k .O Ml.. . . A
1 + a(H) I  + a (H)
th e r e fo r e :  r  « k  bo «
= kg (A ) + k j K j  (A )^
° ^2 + ^3^3 (^ )
V 4
U sing th e  r e s u l t s  o b ta in ed  in  sub—s e c tio n  C th e  tope l in e  o f  t h i s  
f r a c t io n  i s  seen  to  b e :
12 X 10~^ + 700(A) X 10*^ l i t r o s /m o le ,  s e c .
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I f  ( a )  i s  pu t equal to  O.O5I  H and 0 .116 M ( th e  form al anhydride  con­
c e n tra t io n s  in  th e  f i r s t  and th i r d  s e r i e s  o f a c id  c a ta ly s e d  ru n s)  
t h i s  becomes:
f o r  s e r i e s  one: 48 x  10~^ l i t r e s /m o le ,  s e c .
f o r  s e r i e s  th r e e :  93 z  10 ^ l i t r e s /m o le ,  s e c .
T h e re fo re , on t h i s  b a s is ,  th e  r a t i o  o f  r  f o r  th e  th i r d  s e r i e s  to  r  
f o r  th e  f i r s t  s e r i e s  i s :
I I  “
However, a s  i s  shown in  Table 5 (p * 6 6 ), th e re  i s  no ev idence to  su g g est
th a t  r  changes on go ing  from s c r i e s  one to  s e r i e s  th r e e .
This d isc re p a n c y  a r i s e s  because o f the p o s tu la t io n  of a 
new r e a c t io n  pathway when t r i f l u o r o a c e t i c  a c id  i s  p r e s e n t .  I f ,  
however, adding  t r i f l u o r o a c e t i c  a c id  a c c e le r a te s  r e a c t io n s  2 and 3 
w ith o u t opening up r e a c t io n  4 as  a new pathway th e  v a lu e  o f r  w i l l  
n o t depend on tlie an iiydride c o n c e n tra t io n . This appears  to  be th e  
cage ♦
I t  i s  most lilc o ly  t h a t  th e  c a t a l y t i c  e f f e c t  of t r i f l u o r o -
V
a c e t ic  a c id  on r e a c t io n s  2 and 3 i s  due to  s p e c i f ic  s o lu t io n  o f the  
t r i f l u o r o a c e ty l  end o f th o  an îiydride m olecule (53)* This s t a b i l i s e s  
th e  In c ip ie n t  t r i f l u o r o a c e t a t e  an io n  (55)*
H. Tlie R eaction  between p Chlorophenol and A cety l T r if lu i* o ro a ce ta te  
in  th e  p resen ce  of P.>m?idino
A d d itio n  o f  sm all amounts o f p y r id in e  to  th e  r e a c t io n  
betwoon a c o ty l t r i f l u o r o a c e t a t e  and j3 -  ch lo ropheno l has a v e ry  marked 
e f f e c t .  At f i r s t ,  a s  in c re a s in g  amounts o f p y r id in e  a re  added, th e
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r e a c t io n  ’bocoraes f a s t e r  and th e re  i s  an in c re a s in g  amount o f t r i f l u o r o ­
a c e ta te  in  th e  product#  Soon however (aeo  Pig# 6) th e  p ro p o rtio n  o f 
t r i f l u o r o a c e t a t e  in  th e  p ro d u c t s to p s  in c re a s in g  and th en  b eg in s  to  
d e c lin e  as more p y r id in e  i s  added# J u s t  a f t e r  th e  p o in t  where the  
p ro p o rtio n  o f  t r i f l u o r o a c e t a t e  in  th e  p ro d u c t b eg in s  to  d e c l in e  th e  
system  bocomes heterogeneous due to  r e a c t io n  between th e  anhydride  
and p y r id in e .  B iis  system  i s  q u i te  complex and i t  i s  no t p o s s ib le  
to  e x p la in  f u l l y  a l l  o f  th e se  r e s u l t s ,  th e  g e n e ra l p ic tu r e  i s ,  
however, u n d e rs ta n d ab le  in  term s of the  p ro c e sse s  co n sid e red  below#
P y rid in e  and phenol in  n -  hep tane g iv e  a hydrogen bonded 
complex# The a s s o c ia t io n  c o n s ta n t i s  abou t 80 l i t r e s /m o le  a t  25^ (77)# 
I t  i s  to  be expected  th a t  p y r id in e  and 2  -  ch lo ropheno l a s s o c ia te  
to g e th e r  to  a s im i la r  e x te n t in  carbon te t r a c h lo r id e #  As has been 
d isc u sse d  a lre a d y  th e  fo rm atio n  o f a hydrogen bond in c re a se s  the  
n u c le o p h i l ic i ty  o f th e  2  ~ ch lo ropheno l and th i s  r e s u l t s  in  a f a s t e r  
r e a c t io n  and, i f  th e  e f f e c t  i s  la r g e  enough, a com plete o r p a r t i a l  
s h i f t  o f  th e  a t ta c k  from the  a c e ty l  to  th e  t r i f lu o r o a c e ty l  end o f 
th e  anhydride  m olecule# This i s  th e  i n i t i a l  e f f e c t  oberserved  when 
p y r id in e  i s  added to  th e  re ac tio n #
As th e  r e a c t io n  p roceeds a c e t ic  and t r i f l u o r o a c e t i c  a c id s  
a re  formed and th e se  m ight be expected  to  " n e u tr a l i s e "  th e  p y r id in e  
in  some way. However, Fig# 6 shows th a t  th e  amount of t r i f l u o r o a c e t a t e  
in  th e  p ro d u c t i s ,  a t  low p y r id in e  c o n c e n tra tio n s , g r e a te r  th an  th e  
amount of p y r id in e  added. Thus w hatever r e a c t io n s  occur between th e  
a c id s  l ib e r a te d  and th e  p y r id in e ,  i t s  c a t a l y t i c  e f f e c t  i s  n o t com plete ly
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e lim in a te d  even when th e  amount o f a c id  l ib e r a te d  exceeds th e  amount 
o f p y r id in e  i n i t i a l l y  p r e s e n t .
The r e a c t io n s  o cc u rrin g  between p y r id in e  and ca rb o x y lic  
a c id s  in  n o n -p o la r  s o lv e n ts ,  have been s tu d ie d  by B a rro w (78)# He 
come to  th e  co n c lu s io n  th a t  a c e t ic  a c id  and p y r id in e  in  ch loroform  o r 
carbon  te t r a c h lo r id e  a s s o c ia te  by th e  fo rm atio n  o f a  hydrogen bond.
In  tho case o f t r i f l u o r o a c e t i c  ac id  an io n  p a i r  i s  formed in  which 
th e  p ro to n  has been co m p le te ly  t r a n s f e r r e d  to  th e  p y r id in e  le a v in g  a 
t r i f l u o r o a c e t a t e  a n io n . Both of th e se  p ro ce sse s  reduce th e  amount 
o f  p y r id in e  a v a i la b le  fo r  hydrogen bonding w ith  th e  2  “  ch lo ro p h en o l. 
The removal i s  no t com plete however, and in  the  case o f t r i f l u o r o a c e t i c  
a c id  th e  p ro d u c t o f th e  r e a c t io n  may i t s e l f  be a b le  to  form a hydrogen 
bond w ith  th e  2  “* ch lo ropheno l th rough  th e  t r i f l u o r o a c e t a t e  an ion  (6 6 ) ,  
an e f f e c t  w hich was d isc u s se d  e a r l i e r .  I f  an e f f e c t  o f t h i s  s o r t  
occurs i t  may account f o r  th e  p e r s is ta n c e  th roughou t th e  r e a c t io n  o f 
th e  c a t a l y t i c  e f f e c t  o f  the  p y r id in e .
Although th e  d e c l in e  in  th e  p ro p o rtio n  o f t r i f l u o r o a c e t a t e  
o b ta in ed  b eg in s  b e fo re  th e re  i s  any v i s i s b l e  r e a c t io n  between th e  
anhydride  and th e  p y r id in e  th e  two e f f e c t s  may w e ll be conn ec ted .
A cety l c h lo r id e  and p y r id in e  r e a c t  in  petro leum  e th e r  to  form 
N -  a c e ty lp y r id in iu m  c h lo r id e  which i s  a pow erful a c e ty la t in g  agen t 
( 79 ) .  The observed r e a c t io n  betw een p y r id in e  and a c e ty l  t r i f l u o r o ­
a c e ta te  i s  p ro b ab ly  s im i la r ,  g iv in g  N -  a c e ty lp y r id in iu m  t r i f l u o r o ­
a c e ta te .  This too  w i l l  be an a c y la t in g  ag en t and w i l l  r e a c t  w ith  
2  -  ch lo ropheno l to  g iv e  th e  a c e ta te .  I f  t h i s  r e a c t io n  i s  only
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im p o rtan t whon th e  system  i s  he tero g en eo u s t h i s  would e x p la in  th e  
d e c l in e  in  th e  p ro p o rtio n  o f  t r i f l u o r o a c e t a t e  o b ta in ed  a t  r e l a t i v e l y  
h ig h  p y r id in e  co n c e n tra tio n s*  The f a c t  th a t  th e  p ro p o rtio n  o f  
t r i f l u o r o a c e t a t e  b eg in s  to  d e c l in e  b e fo re  h e te ro g e n e ity  i s  observed 
may be due to  th e  d i f f i c u l t y  o f  d is t in g u is h in g  between a v e ry  f in e  
su sp en s io n  and a c l e a r  so lu tio n *
I# The R eaction  betw een Iso p ro p an o l and A cety l T r if lu o ro a o e ta te  in  
th e  p resen ce  o f  T r i f lu o r o a c e t ic  A cid*
The r e s u l t s  o b ta in ed  w ith  phenols a re  in  agreem ent w ith  
th o se  re p o rte d  p re v io u s ly  (5 3 ) in  t h a t  the  on ly  p ro d u c t i s  th e  a c e ta te  
and th e  r e a c t io n  i s  a c c e le ra te d  by t r i f l u o r o a c e t i c  ac id*  The r e s u l t s  
o b ta in ed  u s in g  iso p ro p an o l d i f f e r  from th o se  o b ta in ed  p re v io u s ly  (53) 
fo r  a lc o h o ls  in  d i l u t e  carbon te t r a c h lo r id e  so lu tio n *  P re v io u s ly  i t  
was found th a t  a lc o h o ls  (e x c e p t f lu o ro a lc o h o ls )  p lu s  a c e ty l  t r i f l u o r o ­
a c e ta te  in  d i l u t e  carbon  t e t r a c h lo r id e  s o lu t io n  g iv e  a m ix tu re  o f 
e s t e r s ,  and th a t  tho  a d d it io n  o f  t r i f l u o r o a c e t i c  a c id  has l i t t l e  
e f f e c t  on th e  ra te *  This i s  a lso  th e  case  w ith  iso p ro p an o l ( s e e  P ig*7)* 
I t  was a ls o  re p o rte d  (53) t h a t ,  excep t in  th e  case o f secondary  
a lc o h o ls  w ith  a t  l e a s t  one a ro m atic  s u b s t i tu e n t ,  th e  a d d it io n  o f  
t r i f l u o r o a c e t i c  a c id  e i t h e r  has no e f f e c t  on th e  p ro d u c t com position  
(s im p le  p rim ary  and secondary  a lc o h o ls )  o r  g iv e s  an in c re a se  in  th e  
amount o f  a c e ta te  o b ta in ed  ( t e r t*  -  b u ta n o l)* Fig* 7 » however, shows 
th a t  as t r i f l u o r o a c e t i c  a c id  i s  added to  tho iso p ro p an o l r e a c t io n  
more t r i f l u o r o a c e t a t e  app ears  in  tho p ro d u c t and th e  p ro d u c t r a t i o .
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which i s  i n i t i a l l y  about 2 .5 ,  r i s e s  q u i te  r a p id ly  to  abou t 4*5 
and then  in c re a s e s  v e ry  slow ly*
I n s u f i ic io n t  in fo rm a tio n  i s  a v a i la b le  to  i n t e r p r e t  
t h i s  change in  p ro d u c t co m p o sitio n . The r e s u l t  i s ,  however, o f  
i n t e r e s t  s in c e  i t  i s  c o n tra ry  to  r e s u l t s  o b ta in ed  p re v io u s ly  (53) 
and has no obvious e x p la n a tio n .
'The r e a c t io n  bet^veen iso p ro p an o l and a c o ty l t r i f l u o r o ­
a c e ta te  i s  second o rd e r  in  th e  a lco h o l a t  e l)  t r i f l u o r o a c e t i c  a c id  
c o n c e n tra t io n s .  This i s  presum ably r e la te d  to  th e  tendency  o f  
a lc o h o ls  to  a s s o c ia te  by hydrogen bonding in  o rg an ic  s o lv e n ts .  I t
i s  re p o r te d  (69 ) th a t  t h i s  a s s o c ia t io n  b eg in s  w ith  th e  fo rm atio n  
o f a t r im e r ,  th e  dim er b e in g  e i t h e r  t o t a l l y  ab sen t o r  on ly  p re se n t 
to  a v ery  sm all e x te n t .  E e su lts  o f t h i s  s o r t  have been used  to  
account f o r  th e  k in e t i c s  o f  th e  r e a c t io n  between ac id  c h lo r id e s  
and a lc o h o ls  in  carbon te t r a c h lo r id e  s o lu t io n  (8 0 , 8 l ) .  'The r a t e  
o f th e se  r e a c t io n s ,  which a re  f i r s t  o rd e r  in  a c id  c h lo r id e ,  i s  
p ro p o r tio n a l to  th e  t o t a l  c o n c e n tra tio n  o f a s so c ia te d  a lc o h o l .  l*he
o rd e r  w ith  r e s p e c t  to  th e  a lc o h o l i s  th e r e fo re  v a r ia b le ,  th e  r e a c t io n  
i s  th i r d  o rd e r  a t  low a lc o h o l c o n c e n tra tio n  b u t g ra d u a lly  changes to  
f i r s t  o rd e r  as th e  a lco h o l c o n c e n tra tio n  i s  in c re a s e d . The r e a c t io n  
ia  th i r d  o rd e r  a t  low a lco h o l c o n c e n tra tio n  e inco  then th e  t r im e r  i s  
th e  on ly  a s so c ia te d  sp e c ie s  p re se n t and th e  amount o f a s s o c ia t io n  i s  
sm all ( 8 0 ) .
O ther w orkers (6 7 , 82) have proposed schemes f o r  th e  
a s s o c ia t io n  o f a lc o h o ls  in  which dim er fo rm atio n  i s  s f v n i f le a n t .
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I t  may be th a t  th e  p resen ce  o f  a d im er i s  re sp o n s ib le  f o r  th e  
r e a c t io n  s tu d ie d  h e re  be ing  second o rd e r  in  th e  a lc o h o l .  The 
p re s e n t  work was done w ith  a low er c o n c e n tra tio n  o f  a lc o h o l th an  
th e  work m entioned above ( 80 , 81) and t h i s  may r e s u l t  in  th e  dim er 
becoming th e  most im p o rtan t a s s o c ia te d  s p e c ie s .  I t  i s  n o t c l e a r ,  
however, why on ly  th e  d im eric  a lco h o l r e a c t s  w ith  th e  an h y d rid e , 
when p h en o ls , which a re  l e s s  r e a c t iv e ,  a re  a b le  to  r e a c t  a s  th e  
monomer. P o ss ib ly  r e a c t io n  does occur w ith  th e  monomoric a lco h o l 
b u t i s  n o t observed because  on ly  a sm all p a r t  o f  th e  p ro d u c t i s  
formed in  t h i s  way.
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P r e p r i n t e d  f r o m  th e  J o u r n a l  o f th e  C h e m ic a l  S o c ie ty , 
J u n e  1963, (612), p a g e s  3291— 3295.
612. Acyl Trijluoroacetates. Part I .  The Reaction of Acetyl 
Trifluoroacetate with Phenols in  Carbon Tetrachloride.
By T. G. B o n n e r  and E. G. G ABB.
Acetyl trifluoroacetate reacts with phenols in carbon tetrachloride to 
give exclusively the phenyl acetates. The reaction does not appear to 
proceed through acetylium ions even when catalysed by trifluoroacetic acid.
The rate constants for different phenols satisfy the Hammett equation with 
a p value of —0 82. Very rapid and exclusive formation of the phenyl 
trifluoroacetates occurs when the solutions of acetyl trifluoroacetate (in 
large excess) and the phenol are mixed and immediately treated with 
saturated potassium hydrogen carbonate solution.
A c e t y l  t r i f l u o r o a c e t a t e  can react with hydroxy-compounds to form the acetate and 
the trifluoroacetate esters. It has been established  ^ that alcohols in carbon tetrachloride 
normally give a mixture of the esters but that phenol and certain trifluoro-alcohols form 
only the acetates. Interpretation of these results was based on the suggestion that the 
mixed anhydride acts as the trifluoroacetylating agent but that it can undergo hetero­
lysis to acetylium ions CHg'CO ' which are responsible for acétylation. Phenol and 
alcohols of similar acidity are less nucleophilic than simple alcohols and were consequently 
assumed to be reactive only to acetylium ions.
The present work reports kinetic studies on the reaction with various phenols in carbon 
tetrachloride, with the main study centred on ^-chlorophenol.
Acetyl trifluoroacetate has been obtained in various ways,^ but we have found that 
only reaction of the simple anhydrides in carbon tetrachloride gave a satisfactory product.
E x p e r im e n t a l
Materials.—" AnalaR ” carbon tetrachloride was either redistilled from phosphoric oxide 
or dried over a molecular sieve. Trifluoroacetic acid, b. p. 72—74°, and “ AnalaR” acetic 
anhydride, b. p. 139— 140°, were both redistilled. “ AnalaR” phenol was used directly. 
The following phenols were redistilled and collected at the b. p.s indicated: ^-chlorophenol, 
218°; OT-chlorophenol, 214°; />-cresol, 201—202°; w-cresol, 200°; w-methoxyphenol, 240— 
244°. ^-Methoxyphenol, m. p. 54—55°, was recrystallised from water.
Trifluoroacetic anhydride was prepared by distillation of a mixture of trifluoroacetic acid 
and phosphoric oxide,® followed by redistillation of the product from fresh phosphoric oxide; 
it had b. p. 38—39°.
Acetyl trifluoroacetate was always obtained by mixing equimolecular amounts of acetic 
and trifluoroacetic anhydride in carbon tetrachloride. The progress of the reaction was followed 
by infrared spectroscopic analysis in the regions 1700— 1900 and 1000— 1200 cm.“^ ; in the 
former region, the acetic anhydride carbonyl absorption bands at 1760 and 1820 cm.~  ^and the 
analogous trifluoroacetic anhydride bands at 1800 and 1860 cm.~  ^ were gradually replaced by 
bands at 1780 and 1850 cm."^  due to acetyl trifluoroacetate ; in the latter region, the bands at 
1120 cm."i (acetic anhydride) and at 1040 cm.~i (trifluoroacetic anhydride) were gradually 
replaced by a band at 1080 cm.“^  (acetyl trifluoroacetate).
Acetate esters of the phenols prepared by shaking acetic anhydride with an ice-cold solution 
of the phenol in aqueous sodium hydroxide are listed with their b. p.s: phenyl, 192—194°; 
/?-chlorophenyl, 228—230°; m-chlorophenyl, 226—227°; ^-tolyl, 212—214°; m-tolyl, 212— 
214°. Other esters made by refluxing the phenol with acetic anhydride and a little sulphuric 
acid were m- (b. p. 250—254°) and ^-methoxyphenyl (crystallised from ether), m. p. 31°.
■p-Chlorophenyl trifluoroacetate was obtained by refluxing the phenol with trifluoroacetic 
anhydride and sodium trifluoroacetate. Direct fractionation gave the trifluoroacetate, b. p. 
181—182° (Found: C, 42 4; H, 19; F, 25 8; Cl, 16 1. CgH^ClFaOa requires C, 42 8; H, 18; 
F, 25 4; Cl, 15-8%).
Infrared Spectroscopic Analysis.—All infrared spectra were measured with a Perkin-Elmer 
Infracord instrument, The esters formed during a reaction were identified by their spectra
and determined by the optical density of their carbonyl absorption bands.^ Optical densities for 
molar solutions of the acetate esters in a 1 mm. cell are: Phenyl, 50; ^-chlorophenyl, 54; 
m-chlorophenyl, 55; ^-tolyl, 52; m-tolyl, 49; ^-methoxyphenyl, 51; m-methoxyphenyl, 47.
For most of the kinetic work on ^-chlorophenol the Infracord spectrophotometer was 
calibrated by using mixed solutions of known concentrations of the acetate and trifluoroacetate 
esters to a total molarity of 0 01. A calibration curve for each ester was constructed from 
the results of analysis of the mixed solutions.
K in e t ic  M easurem ents .— Reactions were carried out at 25° 0 05°. The phenol solution
(0-0 1m) in carbon tetrachloride (2 ml.) was run into the solution of acetyl trifluoroacetate in 
the same solvent (20 ml.) to start reaction. Samples {ca. 2 ml.) were removed at fixed time 
intervals and immediately shaken with saturated aqueous potassium hydrogen carbonate 
solution {ca. 5 ml.). The organic layer was separated and dried (MgSO, )^ and its spectrum 
recorded in the carbonyl absorption region. In all kinetic runs reported here the rate of form­
ation of acetate ester was of the first order in the phenol. Results of a typical run are given 
in the Table, at the initial concentrations indicated. The significance of the trifluoroacetate 
and total ester molarities is discussed below.
Reaction of acetyl trifluoroacetate (0*228m) and />-chlorophenol (0’0097m) at 25°.
Time (sec.) .......................  415 535 665 840 1080 1320 1560 1800 24 hr.
Acetate (10%) ...............  25 34 40 47 58 65 72 75 91
Trifluoroacetate (IO^m) ... 67 61 52 44 35 31 25 19 3
Total esters (10%)   92 95 92 91 93 96 97 94 94
lO^ A (sec.-i).......................  7 1 8 1 8 1 7-8 8-5 8-3 8-7 8-3 —
Mean value of A =  8-1 x 10'* sec.' .^
R e s u l t s
The aliquot portion of the reaction solution removed immediately after mixing the solutions 
of jp-chlorophenol and acetyl trifluoroacetate indicated, on analysis, that the only ester present 
was the trifluoroacetate in almost quantitative yield. Subsequent portions were found, on 
analysis, to contain increasing amounts of the acetate ester with correspondingly diminished 
amounts of trifluoroacetate. The final result was an almost quantitative yield of acetate with  
the virtual absence of trifluoroacetate.
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F ig . 1. V ariation  of rate co n sta n t {k) w ith  
in itia l a ce ty l triflu oroacetate con cen tration .
Earlier studies have established that phenyl trifluoroacetate is not converted into phenyl 
acetate by acetyl trifluoroacetate under the conditions of these kinetic measurements. The 
action of potassium hydrogen carbonate was therefore suspected and it was discovered that, 
on omission of the carbonate and shaking with water only, no trifluoroacetate ester could be 
detected in the products at any stage of the reaction. Since it was not possible to remove 
completely the acids and anhydride from samples by using water alone, the carbonate treatment 
was necessary, but in calculating rate constants the trifluoroacetate formation was ignored.
Three series of runs were carried out, all in carbon tetrachloride. In the first, />-chloro- 
phenol (0-01m ) was treated with an excess of acetyl trifluoroacetate (0-02— 0-40m). The results 
of these runs were calculated by using the calibration curve for the acetate and trifluroacetate 
obtained from the mixed solutions. In all cases the reactions were of the first order in 
ÿ-chlorophenoh The variations of the rate constant with the initial molarity is given in Fig. I.
In the second series, /)-chlorophenol (0 -01m ),  acetyl trifluoroacetate ( 0 -086m ),  and concen­
trations of trifluoroacetic acid up to 0 -09m were used. The results were calculated as for the 
first series and the reactions were again of the first order in /«-chlorophenol. Variation of the 
rate constant with initial trifluoroacetic acid molarity is shown in Fig. 2.
In the third series of runs, acetyl trifluoroacetate (0 -093m ) was treated separately with seven 
different meta-  or />am-substituted phenols (0 -01m ).  In this series the concentration of acetate 
in the samples was calculated from the optical density of the acetate alone in carbon tetra-
Id 10
0-1o 0 0 5
-  10
- 0  5
+ 0  2 +0  4O
T r i f l u o r o a c e t i c  ac id  ( m)
F ig . 2. V ariation  of rate con stan t  
{k) w ith  trifluoroacetic acid m olarity
F ig . 3. Variation of rate constant (k) 
with Hammett o value. 1, m-Cl. 
2, ^-Cl. 3, m-MeO. 4, H. 5, w-Me. 
6, p-M e.  7, ^-MeO.
chloride solution. This method is less accurate than that used in the other series. Since the 
same method was used for all the phenols and only a comparison between them was required 
it was thought permissible to use it. All the reactions were of the first order in phenol. The 
rate constant is plotted against the Hammett ct constant for each phenol in Fig. 3. The 
substituent constants used are those given by Hine and are derived from the ionisation of 
benzoic acids. ^
D is c u s s i o n
The reaction of acetyl trifluoroacetate with each of the phenols used produces only 
the acetate ester, as previously reported for phenol itself.^ All the reactions are of the 
first order in phenol and therefore, at least for an initial phenol concentration of 0*01m, 
the rate step must involve the phenol. This suggests that the reaction is a direct attack 
of the phenol on the anhydride:
ArOH +  CHg-COO-CO-CFa ArO-CO-CHg +  CFg-COgH
The trifluoroacetic acid produced in the reaction must have a catalytic effect (see Fig. 2 
and later discussion), but its magnitude is difficult to assess and, in fact, no significant 
increase was observed in the rate constants during any of the kinetic runs reported here.
The dependence of the rate constant of the j^-chlorophenol reaction on the initial 
acetyl trifluoroacetate molarity shown in Fig. 1 is linear over nearly the whole range 
studied. This is in agreement with the suggested mechanism. The fact that the line does 
not pass through the origin is partly due to the use of initial as opposed to average anhydride 
molarities. Most of this displacement, however, cannot yet be explained.
Fig. 3 shows that the reaction obeys the Hammett equation. Thus the same mechanism 
is followed by all the phenols. The value of the reaction constant, p, is —0*82, the sign 
of which is in accord with a nucleophilic attack of the phenol on the anhydride.
If the reaction with the phenol was preceded by ionisation of the anhydride, as shown 
in (I) and (2), reaction (2) almost certainly would be very rapid and reaction (I) would be 
the rate-determining step. In this case the rate of reaction would not depend on the 
phenol concentration. Ionisation (I) is hardly likely to be important in carbon tetra­
chloride and the main evidence for such an ionisation ® relates to the very different system  
acetic anhydride-triftuoroacetic anhydride-water.
CHg-CO-O-CO-CFa >-  CH3-CO+ +  CFg-CO,- ( I )
CH3-CO+ +  A rO H  ArO'CO'CHg +  H+ (2)
If reaction does occur through the undissociated anhydride we have to account for 
the formation of the phenyl acetates. Two opposing effects must be considered in the 
reaction of the anhydride with a nucleophile.® The electronic effect of the fluorine atoms 
will make the carbonyl-carbon atom adjacent to the trifluoromethyl group more reactive 
than that of the other carbonyl group. The greater size of the trifluoromethyl group, 
however, will restrict reaction at this point. The extent to which the anhydride is 
acetylating or trifluoroacetylating depends on the balance between these effects. From 
our results it appears that in the reaction with phenols the steric effect predominates, and 
consequently acétylation alone occurs. A similar conclusion has been reached regarding 
the reaction of acetyl trichloroacetate and aniline.®
Since alcohols are more powerful nucleophiles than phenols they will react more easily 
with the anhydride, and this increase in reactivity may overcome the steric effect of the 
trifluoromethyl group. However, a general increase in reactivity would not necessarily 
change the product composition. The results suggest rather that there is less steric hin­
drance offered by the alcohols and that a partial shift of the point of attack from the 
acetyl to the trifluoroacetyl carbonyl group occurs, i.e., for alcohols the electronic effect 
increases in importance relative to the steric effect. This shift to trifluoroacetylation 
decreases in the order, butan-I-ol, butan-2-ol, t-butyl alcohol, in accordance with decreased 
accessibility of the hydroxyl groups
The formation of the phenyl trifluoroacetates on treating the reactant solutions with 
aqueous alkali hydrogen carbonate m ay be relevant to this interpretation. The order 
of increasing nucleophilicity will be: phenol, alcohol, phenoxide anions. Phenoxides 
would be expected to react very rapidly with the anhydride and, since they are more 
nucleophilic than alcohols, to give even more trifluoroacetate. As the reaction occurring 
on shaking with aqueous carbonate is rapid and yields only trifluoroacetate it may proceed 
entirely through the phenoxide anion.
We have as yet no satisfactory explanation of the catalysis by trifluoroacetic acid 
shown in Fig. 2. Since we have detected no ionisation of the anhydride the suggestion 
that trifluoroacetic acid aids this ionisation and hence speeds up the reaction cannot 
apply here. It is significant that this acid has little or no catalytic effect with simple 
alcohols and does not affect the ratio of ester products obtained.^ Catalysis appears to 
require a more acidic hydroxyl group which through a hydrogen-bonded complex with 
the acid might achieve an enhanced reactivity towards the acylating agent.
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